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(SEQ ID NO: 1):

MACWPQLRLLILWKNLTFRRROTCQLLLEVAWPLFIFLILISVRLSYPPYEQHECHEFPNKA
MPSAGTLPWVQGITICNANNPCFRYPTPGEAPGVVGNENKSIVARLFSDARRLLLYSQKDT
SMKDMRKVLRTLOQTIKKSSSNLKLODFLVDNETFSGFLYHNLSLPKSTVDRMLRADVILH
KVFLOGYQLHLTSLCNGSKSEEMIQLGDQEVSELCGLPRERKTAAAERRVLRSNMDILKPIL
RTLNSTSPFPSKELAEATKTLLHSLGTLAQELFSMRSWSDMROEVMFLTNVNSSSSSTQT
YQAVSRIVCGHPEGGGLKIKSLNWYEDNNYKALFGGNGTEEDAETFYDNSTTPYCNDLMK
NLESSPLSRIIWKALKPLLVGKILYTPDTPATROQVMAEVNKTFQELAVFHDLEGMWEELS
PRKIWTFMENSQEMDLVRMLLDSRDNDHFWEQQOLDGLDWTAQDTVAFLAKHPEDVQSSNGS
VYTWREAFNETNQATRTTISREFMECVNLNKLEPTATEVWLINKSMELLDERKFWAGIVFTG
ITPGSIELPHHVKYKIRMDIDNVERTNKIKDGYWDPGPRADPFEDMRYVWGGEFAYLQDVV
ECATIRVLTGTEKKTGVYMOQOMPYPCYVDDIFLRVMSRSMPLEFMTLAWIYSVAVITRGTIV
YEKEARLKETMRIMGLDNS ILWESWEISSLIPLLVSAGLLVVILKLGNLLPYSDPSVVEV
FLSVFAVVTILOQCFLISTLEFSRANLAAACGGIIYFTLYLPYVLCVAWQDYVGEFTLKIFAS
LLSPVAFGEFGCEYFALFEEQGIGVOWDNLFESPVEEDGENLTTSVSMMLEDTELYGVMTW
YIEAVEPGQYGIPRPWYFPCTKSYWFGEESDEKSHPGSNOKRISEICMEEEPTHLKLGVS
ICONLVKVYRDGMKVAVDGLALNFYEGQITSFLGHNGACKTTTMSILTGLEPPTSGTAYIL
GKDIRSEMSTIRONLGVCPOHNVLEDMLTVEEHIWEFYARLKGLSEKAVKAEMEOMALDVG
LPSSKLESKTSQLSGGMORKLSVALAFVGGSEVVILDEPTAGVDPYSRRGIWELLLKYRO
GRTITLSTHAMDEADVLGDRIAIISHGKLCCVGSSLEFLKNQLGTGYYLTLVRKDVESSLS
SCRNSSSTVSYLKKEDSVSQOSSSDAGLGSDHESDTLTIDVSAISNLIRKHVSEARLVEDI
GHELTYVLPYEAAKEGAFVELFHEIDDRLSDLGISSYCISETTLEEIFLKVAEESGVDAE
TSDGTLPARRNRRAFGDKQSCLRPFTEDDAADPNDSDIDPESRETDLLSGMDGKGSYQOVK
GWKLTQOQFVALIWKRLLTARRSRKGFFAQIVLPAVEVCIALVESLIVPPFGKYPSLELQ
PWMYNEQYTFVSNDAPEDTGTLELLNALTKDPGFGTRCMEGNPIPDTPCOAGEEEWTTAP
VEQTIMDLEONGNWTMONPSPACQCSSDKIKKMLPVCPPGAGGLPPPORKONTADILODL
TGRNISDYLVKTYVOITAKSLENKIWVNEFRYGGEFSLGVSNTOALPPSQEVNDATKOMKK
HLKLAKDSSADREFLNSLGREMTGLDTEKNNVKVWENNKGWHATISSEFLNVINNATILRANLQK
GENPSHYGITAFNHPLNLTKQQLSEVALMTTSVDVLVSICVIFAMSEFVPASFVVFLIQER
VESKAKHLOFISGVRKPVIYWLSNEVNDMCNYVVPATLVITIIFICFQOKSYVSSTNLPVLAL
LLLLYGWSITPLMYPASFVFKIPSTAYVVLTSVNLFIGINGSVATFVLELFTDNKLNNIN
DILKSVFLIFPHFCLGRGLIDMVKNQAMADALERFGENRFVSPLSWDLVGRNLEAMAVEG
VVFFLITVLIQYRFFIRPRPVNAKLSPLNDEDEDVRRERQRILDGGGONDILEIKELTKY
YRREKRKPAVDRICVGIPPGECFGLLGVNGAGKSSTFRMLTGDTTVTRGDAFLNENSTLSN
THEVHONMGYCPQFDAITELLTGREAVEFFALLRGVPEKEVGKVGEWATRKLGLVKYGEK
YAGNYS3GGNKRKLSTAMALIGGPPVVEFLDEPTTGMDPRKARRFLWNCALSVVKEGRSVVLT
SHSMEECEALCTRMAIMVNGRFRCLGSVOHLKNRFGDGYTIVVRIAGSNPDLKPVQDFEG
LAFPGSVLKEKHRNMLOYQLPSSLSSLARIFSILSQSKKRLHIEDYSVSQTTLDQVEVNE
AKDQSDDDHLKDLSLHKNQTVVDVAVLTSFLODEKVRESYV

FIG. 1
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(SEQ 1D NO: 2):

ATGGCTTGTTGGCCTCAGCTGAGGTTGCTGCTCGTGGAAGAACCTCACTTTCAGAAGARGACAAAC
ATGTCAGCTGCTGCTGGAAGTGGCCTGGCCTCTATTTATCTTCCTGATCCTGATCTCTGTTCGGC
TGAGCTACCCACCCTATGAACAACATGAATGCCATTTTCCAAATAAAGCCATGCCCTCTGCAGGA
ACACTTCCTTGGGTTCAGCGGATTATCTGTAATGCCAACAACCCCTGTTTCCGTTACCCGACTCC
TGGGGAGGCTCCCGGAGTTGTTGGAAACTTTAACAAATCCATTGTGGCTCGCCTGTTCTCAGATS
CTCGGAGGCTTCTTTTATACAGCCAGAAAGACACCAGCATGAAGGACATGCGCAAACTTCTGAGA
ACATTACAGCAGATCAAGAAATCCAGCTCAAACTTGAAGCTTCAAGATTTCCTGGTCGGACAATGA
AACCTTCTCTGGGTTCCTGTATCACAACCTCTCTCTCCCAAAGTCTACTGTGGACAAGATGCTGA
GGGCTCGATGTCATTCTCCACAAGGTATTTTTCCAAGGCTACCAGTTACATTTGACAAGTCTGTGE
AATGGATCAAAATCAGAACGAGATGATTCAACTTGGTGACCAAGAAGTTTCTGAGCTTTGTGGCCT
ACCAAGGGAGAAACTGGCTGCAGCAGAGCGAGTACTTCGTTCCAACATGGACATCCTGAAGCCAA
TCCTGAGRACACTAAACTCTACATCTCCCTTCCCGAGCAAGGAGCTGGCTGAAGCCACAARALCA
TTGCTGCATAGTCTITGGGACTCTGGCCCAGGAGCTGTTCAGCATGAGAAGCTGCAGTGACATGCG
ACAGGAGGTGATGTTTCTGACCAATCTGAACAGCTCCAGCTCCTCCACCCAAATCTACCAGGCTS
TGTCTCGTATTGTCTGCGGGCATCCCGAGGCAGGGGGGCTGAAGATCAAGTCTCTCAACTGGTAT
GAGGACAACAACTACAAAGCCCTCTTTGGAGGCAATGGCACTGAGGAAGATGCTGAAACCTTCTA
TGACAACTCTACAACTCCTTACTGCAATGATTTCATCAAGAATTTGGAGTCTAGTCCTCTTTCCC
GCATTATCTGGAAAGCTCTGAAGCCCCTECTCGTTGGGAAGATCCTGTATACACCTGACACTCCA
GCCACAAGGCAGGTCATGGCTGAGGTGAACAAGACCTTCCAGGAACTGGCTGTGTTCCATGATCT
GGAAGGCATGTGGGAGGAACTCAGCCCCAAGATCTGGACCTTCATGGAGAACAGCCAAGRAAATGG
ACCTTGTCCGGATGCTGTTGGACAGCAGGGACAATGACCACTTTTGGGAACAGCAGTTGGATGSC
TTAGATTGGACAGCCCAAGACATCGTGGCGTITTTTGGCCAAGCACCCAGAGGATGTCCAGTCCAG
TAATGGTTCTGCTGCTACACCTGGAGAGAAGCTTTCAACCGAGACTAACCAGGCAATCCGGACCATAT
CTCGCTTCATGGAGTGTGTCAACCTGAACAAGCTAGRACCCATAGCAACAGAAGTCTGGCTCATC
AACRAGTCCATGGAGCTGUTGGATGAGAGGAAGTTCTGGGCTGGTATTGTGTTCACTGGAATTAT
TCCAGGCAGCATTGAGCTGCCCCATCATGTCAAGTACANGATCCGAATGGACATTCACAATGTGS
AGAGGACAARTAAAATCAAGCGATGGGETACTGGGACCCTGGYCCTCCAGCTGACCCCTTTGAGGAL
ATGCGGTACGTCTGCGGGGGCTTCGCCTACTTGCAGCGATGTGGTGGAGCAGCCAATCATCAGGGT
GCTGACGGGCACCGAGAAGAAAACTGGTGTCTATATGCAACAGATGCCCTATCCCTGTTACGTTG
ATGACATCTTTCTGCGGGTGATGAGCCGGTCAATGCCCCTCTTCATGACGCTGGCCTGGATTTAC
TCAGTGGCTGTGATCATCAAGGGCATCGTGTATGAGAAGGAGGCACGGCTGAAAGAGACCATGCG
GATCATGGGCCTGGACAACAGCATCCTCTGGTTTAGCTGGTTCATTAGTAGCCTCATTCCTCTTC
TTGTGAGCGCTGGCCTGCTAGTGGTCATCCTGAAGTTAGGARACCTGCTGCCCTACAGTGATCCC
AGCGTGGTGTTTGTCTTCCTGTCCCTGITTGCTGTGGTGACAATCCTGCAGTGCTTCCTGATTAG
CACACTCTTCTCCAGAGCCAACCTGGCAGCAGCCTGTGGGGGCATCATCTACTTCACGCTGTACT
TGCCCTACGTICCTGTGTGCTGGCATGGCACGGACTACGT GGG TTCACACTCAAGATCTTCGCTAGT
CTGCTGTCTCCTGTGGCTTITGGGTTTGGCTCTGAGTACTTTGCCCTTTTTGAGCAGCAGGGCAT
TGGAGTGCAGTGCGCACAACCTGTTTGAGAGTCCTGCTGCAGGAAGATGGCTITCAATCTCACCACTT

FI1G. 2
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CGGTCTCCATGATGCTGTTTGACACCTTCCTCTATGGGGTGATGACCTGGTACATTGAGGCTGTC
TTTCCAGGCCAGTACGGAATTCCCAGGCCCTGGTATTTTCCTTGCACCAAGTCCTACTCGTTTGG
CCAGGAAACTGATGAGAAGACCCACCCTGCTTCCAACCAGAAGACAATATCAGAAATCTGCATGG
AGGAGGAACCCACCCACTTGAAGCTGGGCGTGTCCATTCAGAACCTGGTARAAAGTCTACCGAGAT
GGGATGAAGGTGGCTGTCGATGGCCTGGCACTGAATTTTTATGAGGGCCAGATCACCTCCTTCCT
GGGCCACAATGGAGCGGGGAAGACGACCACCATCTCAATCCTGACCGGGTTGETTCCCCCCGACCT
CGGGCACCGCCTACATCCTGGGAARAGACATTCGCTCTGAGATGAGCACCATCCGGCAGARACCTG
GGGGTCTGTCCCCAGCATAACGTGCTGTTTGACATGCTGACTGTCGAAGAACACATCTGGTTCTA
TGCCCGCTTGARAAGGGCTCTCTCGAGAAGCACGTGAAGGCGGAGATGGAGCAGATGGCCCTGGATG
TTGGTTTGCCATCAAGCAAGCTGAAAAGCAARACAAGCCAGCTGTCAGGTGGAATGCACAGAAAG
CTATCTGTCCGCCTTGGCCTTTCTCOCOGCATCTAAGCTTGTCATTCTGCGATCAACCCACAGCTGG
TGTGGACCCTTACTCCCGCAGGGGAATATGGGAGCTGCTGCTGAAATACCGACAAGGCCGCACCA
TTATTCTCTCTACACACCACATGGATGAAGCGGACGTCCTGGGGGACAGGATTGCCATCATCTCC
CATGGCAAGCTGTGCTGTGTGGGCTCCTCCCTGTTTCTGAAGAACCAGCTGGGAACAGGCTACTA
CCTGACCTTGGTCAAGAAAGATGTGGAATCCTCCCTCAGTTCCTGCAGAAACAGTAGTAGCACTG
TGTCATACCTGAAAAAGGAGGACAGTGTTTCTCAGAGCAGTTCTGATGCTGGCCTGGGCAGCGAC
CATGAGAGTGACACGCTGACCATCGATGCTCTCTGCTATCTCCAACCTCATCAGGAAGCATGTGTC
TGAAGCCCGGCTGETGGAAGACATAGGGCATGAGCTGACCTATGTGCTGCCATATGAAGCTGCTA
AGGAGCGGACGCCTTTGTGCGAACTCTTTCATCAGATTGATCACCCGCTCTCACACCTGGGCATTTCT
AGTTATGGCATCTCAGAGACGACCCTGGAAGAAATATTCCTCAAGGTGGCCGAAGAGAGTGGGGET
GGATGCTGAGACCTCAGATGGTACCTTGCCAGCARAGRACGAAACAGGCGGGCCTTCGGGGACAAGC
AGAGCTGTCTTCGCCCGTTCACTGAAGATGATGCTGCTGATCCAAATGATTCTGACATAGACCCA
GAATCCAGAGAGACAGACTTGCTCAGTGGGATGGATGGCARAGGGTCCTACCAGETGAAAGGCTG
GAAACTTACACAGCAACAGTTTGTGGCCCTTTTGTGGAAGAGACTGCTAATTGCCAGACGGAGTC
GGAAAGGATTTTTTGCTCAGATTGTCTTGCCAGCTGTGTTTGTCTGCATTGCCCTTGTGTTCAGC
CTGATCGTGCCACCCTTTGGCAAGTACCCCAGCCTGGAACTTCAGCCCTGGATGTACAACGAACA
GTACACATTTGTCAGCAATCATGCTCCTCAGGACACGGGAACCCTCCAACTCTTAAACCCCCTCA
CCARAGACCCTGGCTTCGGGACCCGCTGTATGGAAGGARACCCAATCCCAGACACGCCCTGCCAG
GCAGGGGAGGAAGAGTGGACCACTGCCCCAGTTCCCCAGACCATCATGGACCTCTTCCAGRATGG
GAACTCGGACAATGCAGAACCCTTCACCTGCATGCCAGTGTAGCAGCCACAAAATCAAGAAGATGC
TGCCTGTGTGTCCCCCAGGGGCAGGGGGGCTGCCTCCTCCACAAAGAAAACAAAACACTGCAGAT
ATCCTTCAGGACCTGACAGGAAGAAACATTTCGGATTATCTGGTGAAGACGTATGTGCAGATCAT
AGCCARAAAGCTTARAGAACAAGATCTGGGTGAATGAGTTTAGGTATGGCGGCTTTTCCCTGGGTG
TCAGTAATACTCAAGCACTTCCTCCGAGTCAAGAAGTTAATGATGCCATCAAACAAATCARGAAR
CACCTAAAGCCTGGCCAAGGACAGTTCTIGCACATCCATTTCTCAACAGCGCTTGUGAACATTTATGAC
AGGACTGGACACCAAAAATAATGTCAAGGTGTGCGTTCAATAACAAGGGCTGGCATGCAATCAGCT
CTTTCCTGAATGTCATCAACAATGCCATTCTCCGGGCCAACCTGCAAAAGGGAGAGAACCCTAGC
CATTATGGAATTACTGCTTTCAATCATCCCCTGAATCTCACCAAGCAGCAGCTCTCAGAGGTGGC
TCTGATGACCACATCAGTGGATGTCCTTGTGTCCATCTGTGTCATCTTTGCAATGTCCTTCGTCC
CAGCCAGCTTTGTCGTATTCCTGATCCAGGAGCCGGCGTCAGCAAAGCAAAACACCTGCAGTTCATC
AGTCGAGTGRAGCCTGTCATCTACTGGCTCTCTAATTTTGTCTGGGATATGTGCAATTACGTTGT

FIG. 2 (cont.)
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CCCTGCCACACTGGTCATTATCATCTTCATCTGCTTCCAGCAGAAGTCCTATGTGTCCTCCACCA
ATCTGCCTGTGCTAGCCCTTCTACTTTTGCTGTATGGGETGGTCAATCACACCTCTCATGTACCCA
GCCTCCTTTGTGTTCAAGATCCCCAGCACAGCCTATGTGGTGCTCACCAGCGTGAACCTCTTCAT
TGGCATTAATGGCAGCGTGGCCACCTTTGTGCTGGAGCTGTTCACCGACAATAAGCTGAATAATA
TCAATGATATCCTGAAGTCCGTGTTCTTGATCTTCCCACATTTTTGCCTGGGACGAGGGCTCATC
GACATGGTCAAAAACCAGGCAATGGCTGATGCCCTGGAAAGGTTTGGGGAGAATCGCTTTGTGTC
ACCATTATCTTGGGACTTGGTGGGACGAAACCTCTTCGCCATGGCCGTGGAAGGGETGGTGTTCT
TCCTCATTACTGTTCTGATCCAGTACAGATTCTTCATCAGGCCCAGACCTGTAAATGCAAAGCTA
TCTCCTCTGAATGATGAAGATGAAGATSTGAGGCGGGAAAGACAGAGAATTCTTGATGGTGEAGHE
CCAGAATGACATCTTAGAAATCAAGGAGTTGACGAAGATATATAGAAGGAAGCGGAAGCCTGCTG
TTCACAGCATTTGCCTGGGCATTCCTCCTGGTCAGTGCTTTGGECTCCTGGGAGTTAATGGGGCT
GGAAAATCATCAACTTTCAAGATGTTAACAGGAGATACCACTGTTACCAGAGGAGATGCTTTCCT
TAACAAAAATAGTATCTTATCAAACATCCATCAAGTACATCAGAACATGGGCTACTGCCCTCAGT
TTGATGCCATCACAGAGCTGTTGACTGGGAGAGAACACGTGCAGTTCTTTGCCCTTTTGAGAGGA
GTCCCAGAGAAAGARAGTTGGCAAGGTTGGETGAGTGGGCGATTCGGAARCTGGGCCTCGTGAAGTA
TGGAGAAAAATATGCTGGCTAACTATAGTGCGAGGCAACAAACGCAAGCTCTCTACAGCCATGGCTT
TCGATCGGCGGGCCTCCTETGGTGTTTCTGGATGAACCCACCACAGGCATGGATCCCAAAGCCCGG
CGGTTCTTGTGGAATTGTGCCCTAAGTGTTGTCAAGGAGGGGAGATCAGTAGTGCTTACATCTCA
TAGTATGGAAGAATCGTGAAGCTCTTTGCACTAGGATGGCAATCATGGTCAATGGAAGGTTCAGGT
GCCTTGGCAGTGTCCAGCATCTAAAAAATAGGTTTGGAGATGGTTATACAATAGTTGTACGAATA
GCAGGGTCCAACCCGGACCTCAAGCCTSTCCACCATTTCTTTGCGACTTGCATTTCCTCGAAGTGT
TCTAAAAGAGAAACACCGGAACATGCTACAATACCAGCTTCCATCTTCATTATCTTCTCTGGCCA
GGATATTCAGCATCCTCTCCCAGAGCAAAAAGCGACTCCACATAGAAGACTACTCTGTTTCTCAG
ACAACACTTGACCAAGTATTTGTGAACTTTGCCAAGGACCAAAGTGATGATGACCACTTAAAAGA
CCTCTCATTACACAAAAACCAGACAGTAGTGGACGTTGCAGTTCTCACATCTTTTCTACAGGATG
AGAAAGTGAAAGAMAGCTATGTA

FIG. 2 (cont.)



U.S. Patent Aug. 11, 2015 Sheet 5 of 11 US 9,101,745 B2

(SEQ 1D NO: 3):

AACAAAATATTAACCCTTACAATTTCCATTCGCCATTCAGGCTGCGCAACTGTTGGCAAGGGCGA
TCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCCAARGGGGGATGTCCTGCAAGGCGATTAAG
TTGGGTAARCGCCAGGGTTTTCCCAGTCACGACGTTGTARAACGACGGCCAGTGCCAAGCTGATCT
ATACATTGARTCAATATTGGCAATTAGCCATATTAGTCATTGGTTATATAGCATAAATCAATATT
GGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCC
AATATGACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTARATGGCCTCGCCTGGLTGA
CCGUCCAACGACCCCCGCCCATTGACGTCAATAATSACGTATGTTCCCATAGTAACGCCARTAGE
GACTTTCCATTGACGTCAATGGGTGGAGCTATTTACGGTARACTGCCCACTTGGCAGTACATCANG
TGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTAT

sCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTAT
TACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGETTTGACTCACGGGGAT
TTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAARATCAACGGGACTTT
CCAAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGAATTTTGTAATACGACTCACTATAGGGCGGC
CGGGAATTCGTCGACTGGATCCGGTACCGAGGAGATCTGCCGCCGCGATCGCCATGGCTTGTTGG
CCTCAGCTGAGETTGCTGCTGTGGAAGAACCTCACTTTCAGAAGAAGACAAACATGTCAGCTGCT
GCTGGAAGTGGCCTGGCCTCTATTTATCTTCCTGATCCTGATCTCTGTTCGGCTGAGCTACCCAC
CCTATGAACARCATGAATGCCATTTICCAAATAAAGCCATGCCCTCTGCAGGAACACTTCCTTGG
GTTCAGGGGATTATCTGTAATGCCAACAACCCCTGTTTCCGTTACCCGACTCCTGGGGAGGCTCC
CGCAGTTGTTGGARACTTTAACAAATCCATTCTGGCTCGCCTGTTCTCAGATGCTCGGAGGCTTC
TTTTATACAGCCAGAAAGACACCAGCATGAAGGACATGCGCARAGTTCTGAGAACATTACAGCAG
ATCAAGAAATCCAGCTCAAACTTGAAGCTTCAAGATTTCCTGGTGGACAATGAAACCTTCTCTGG
GTTCCTGTATCACAACCTCTCTCTCCCARAGTCTACTGTGGACAAGATGCTGAGGGCTGATGTCA
TTCTCCACAAGGTATTTTTGCAAGGCTACCAGTTACATTTGACAAGTCTGTGCAATGGATCAARR
TCAGAAGAGATGATTCAACTTGGETGACCAAGAAGTTTCTGAGCTTTGTGGCCTACCAAGGGAGAA
ACTGGCTGCAGCAGAGCGAGTACTTCGETITCCAACATGGACATCCTGAAGCCAATCCTGAGAACAC
TARACTCTACATCTCCCTTCCCGAGCARGGAGCTGGCTGAAGCCACAAAAACATTGCTGCATAGT
CTTGGGACTCTGGCCCAGGAGCTGTTCAGCATGAGAAGCTGGAGTGACATGCGACAGGAGGTGAT
GTTTCTGACCAATGTGAACAGCTCCAGCTCCTCCACCCARATCTACCAGGCTGTCTCTCGTATTG
TCTGCGGGCATCCCGAGEGAGGGGGGCTGRAGATCAAGTCTCTCAACTGGTATGAGGACARCARC
TACAAAGCCCTCTTTGGCAGCCAATGGCACTCAGGAACATGCTCGAAACCTTCTATCACAACTCTAC
AACTCCTTACTGCAATGATTTGATGAAGAATTTGGAGTCTAGTCCTCTTTCCCGCATTATCTGGA
AAGCTCTGAAGCCGCTGCTCGTTGGGAAGATCCTGTATACACCTGACACTCCAGCCACAAGGCAG
GTCATGGCTGAGGTGAACAAGACCTTCCAGGAACTGGCTCTGTTCCATGATCTGGAAGGCATGTG
GGAGGAACTCAGCCCCAAGATCTGGACCTTCATGGAGAACAGCCAAGAAATGGACCTTGTCCGGA
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TGCTGTTGGACAGCAGGGACAATGACCACTTTTGGGAACAGCAGTTGGATGGCTTAGATTGGACA
GCCCAAGACATCGTGGCGTTTTTGGCCAAGCACCCAGAGGATGTCCAGTCCAGTAATGGTTCTGT
GTACACCTGGAGAGAAGCTTTCAACGAGACUTAACCAGGCAATCCGGACCATATCTCGCTTCATGG
AGTGTGTCAACCTGAACAAGCTAGAACCCATAGCAACAGAAGTCTGGCTCATCAACAAGTCCATG
GAGCTGCTGGATGAGAGGAAGTTCTGGGCTGGTATTGTGTTCACTGGAATTACTCCAGGCAGCAT
TGAGCTGCCCCATCATGTCAAGTACAAGATCCCAATGGACATTGACAATGTGGAGAGGACAAATA
AAATCAAGGATGGGTACTGGGACCCTGGETCCTCGAGCTGACCCCTTTGAGGACATGCGGTACGTC
TGGGGGGGCTTCGCCTACTTGCAGGATCTCGTGCAGCAGGCAATCATCAGGGTGCTGACGGGCAC
CGAGAAGAAAACTGCTGTCTATATGCAACAGATGCCCTATCCCTGTTACGTTGATGACATCTTTC
TGCGGGTGATGAGCCGGTCAATGCCCCTCTTCATGACGCTGGCCTGGATTTACTCAGTGCGCTGTG
ATCATCAAGGGCATCGTGTATGAGAAGGAGGCACGGCTGAAAGAGACCATGCGGATCATGGGCCT
GGACAACAGCATCCTCTGGTTTAGCTGGTTCATTAGTAGCCTCATTCCTCTTCTTGTGAGCGCTG
GCCTGCTAGTGGTCATCCTGAAGTTAGGAAACCTGCTGCCCTACAGTGATCCCAGCGTGGTGTTT
GTCTTCCTGTCCGTGTTTGCTGTGGETGACAATCCTGCAGTGCTTCCTGATTAGCACACTCTTCTC
CAGAGCCAACCTGGCAGCAGCCTGTGGGGGCATCATCTACTTCACGCTGTACCTGCCCTACGTCC
TGTGTGTGGCATGGCAGGACTACGTGGGCTTCACACTCAAGATCTTCGCTAGCCTGCTGTCTCCT
GTGGCTTTTGGGTTTGGCTGTGAGTACTTTGCCCTTTTTGAGGAGCAGGGCATTGGAGTGCAGTG
CGACAACCTCTTTCACACTCCTGTCGCACCAACGATGGCTTCAATCTCACCACTTCGGTCTCCATGA
TGCTGTTTGACACCTTCCTCTATGGGGTGATGACCTGGTACATTGAGGCTGTCTTTCCAGGCCAG
TACGGAATTCCCAGGCCCTGGTATTTTCCTTGCACCAAGTCCTACTGGTTTGGCGAGGAAAGTGA
TGAGAAGAGCCACCCTGGTTCCAACCAGAAGAGAATATCAGAAATCTGCATGGAGGAGGAACCCA
CCCACTTGAAGCTGGGCGTGTCCATTCAGAACCTGGTAAAAGTCTACCGAGATGGGATGAAGGTG
GCTGTCGATGGCCTGGCACTGAATTTTTATGAGGGCCAGATCACCTCCTTCCTGGGCCACAATGG
AGCGGGGAAGACGACCACCATGTCAATCCTGACCGGGTTGETITCCCCCCGACCTCGGGCACCGCCT
ACATCCTGGCGAAAAGACATTCGCTCTGAGATGAGCACCATCCGGCAGAACCTGGGGETCTGTCCC
CAGCATAACGTGCTGTTTGACATGCTGACTGTCGAAGRAACACATCTGGTTCTATGCCCGCTTGAA
AGGGCTCTCTGAGAAGCACGTGAAGGCGGAGATGGAGCAGATGGCCCTGGATGTTGGTTTGCCAT
CAAGCAAGCTCGAAANGCARAACAAGCCAGCTCTCAGGTGGAATGCAGAGAAAGCTATCTGTGGCC
TTGGCCTTTCTCCCCGGATCTAAGGTTCTCATTCTCGGATGAACCCACAGCTGGTGTGGACTTTTA
CTCCCGCAGGGGAATATGGGAGCTGCTGCTGAAATACCGACAAGGCCGCACCATTATTCTCTCTA
CACACCACATGGATGAAGCGGACGTCCTGGEGCACAGGATTGCCATCATCTCCCATGGGAAGCTG
TGCTGTGTGGGCTCCTCCCTGTTTCTGAAGAACCAGCTGGGAACAGGCTACTACCTGACCTTGGT
CAAGAAAGATGTGGAATCCTCCCTCAGTTCCTGCAGARACAGTACGTAGCACTGTGTCATACCTGA
AAAAGGAGGACAGTGTTTCTCAGAGCAGTTCTGATGCTGGCCTGGGCAGCGACCATGAGAGTGAC
ACGCTGACCATCGATGTCTCTGCTATCTCCAACCTCATCAGGAAGCATGTGTCTCAAGCCCGGCT
GGTGGARGACATAGGGCATGAGCTGACCTATGTGCTGCCATATGAAGCTGCTAAGGAGGGAGCCT
TTGTGGAACTCTTTCATGAGATTGATGACCGGCTCTCAGACCTGGGCATTTCTAGTTATGGCATC
TCAGAGACGACCCTGGAAGAAATATTCCTCAAGGTGGCCGAAGAGAGTGGGGTGCATGCTGAGAC
CTCAGATGGTACCTTGCCAGCAAGACGAAACAGGCGGGCCTTCGGGGACAAGCAGAGCTGTCTTC
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GCCCGTTCACTGAAGATGATGCTGCTGATCCAAATGATTCTGACATAGACCCAGAATCCAGAGAG
ACAGACTTGCTCAGTGGGATGGATGGCARAGGGTCCTACCAGETGAAAGGCTGGAAACTTACACA
GCRAACAGTTTGTGGCCCTTTTCTGGAAGAGACTGCTAATTGCCAGACGGAGTCGGAAAGGATTTT
TTGCTCAGATTGTCTTGCCAGCTGTCTTTGTCTGCATTGCCCTTGTGTTCAGCCTGATCGTGCCA
CCCTTTGGCAAGTACCCCAGCCTGGAACTTCAGCCCTGGATGTACAACGAACAGTACACATTTGT
CAGCAATGATGCTCCTGCGAGGACACGGGAACCCTGGAACTCTTAAACGCCCTCACCAAAGACCCTG
GCTTCGGGACCCGCTGTATGCAACCGAAACCCAATCCCAGACACGCCCTGCCAGGCAGGGGAGGAA
GAGTGGACCACTGCCCCAGTTCCCCAGACCATCATGGACCTCTTCCAGAATGGGAACTGGACRAT
GCAGAACCCTTCACCTGCATGCCAGTGTAGCAGCGACAAAATCAAGAAGATGCTGCCTGTGTGTC
CCCCAGGGGCAGGGGGGECTGCCTCCTCCACAAAGAAAACAARAACACTGCAGATATCCTTCAGGAC
CTGACAGGAAGAAACATTTCGCGATTATCTGGTGAAGACGTATGTGCAGATCATAGCCAAAAGCTT
ABAGAACAAGATCTGGGTGAATGAGTTTAGGTATGGCGGCTTTTCCCTGGGTGTCAGTAATACTC
AAGCACTTCCTCCGAGTCAAGAAGTTAATGATGCCATCAAACAAATGAAGAAACACCTAAAGCTG
GCCAAGGACAGTTCTGCAGATCGATTTCTCAACAGCTTGCGGAAGATTTATGACAGGACTGGACAC
CAAAAATAATGTCAAGGTGTGETTCAATAACAAGGGCTEGCATGCAATCAGCTCTTTCCTGARTG
TCATCAACAATGCCATTCTCCCCGCCAACCTGCAAAAGCCAGAGAACCCTAGCCATTATGGAATT
ACTGCTTTCAATCATCCCCTGAATCTCACCAAGCAGCAGCTCTCAGAGGTGCCTCTGATGACCAC
ATCAGTGGATGTCCTTGTGTCCATCTGTGTCATCTTITGCAATGTCCTTCGTCCCAGCCAGCTTTG
TCGTATTCCTGATCCAGCGAGCEGGTCAGCAAAGCAAAACACCTGCAGTTCATCAGTGGAGTGAAG
CCTGTCATCTACTGGCTCTCTAATTTTGTCTGGCGATATCTGCAATTACGTTGTCCCTGCCACACT
GGTCATTATCATCTTCATCTGCTTCCAGCAGAAGTCCTATGTGTCCTCCACCAATCTGCCTGETGE
TAGCCCTTCTACTTTTGCTGTATGGGTGGTCAATCACACCTCTCATGTACCCAGCCTCCTTTGTG
TTCAAGATCCCCAGCACAGCCTATGTGGTGCTCACCAGCGTGAACCTCTTCATTGECATTAATGG
CAGCGTGGCCACCTTTCTGCTECAGCTGTTCACCGACAATAAGCTGAATAATATCAATGATATCC
TGAAGTCCGTGTTCTTCATCTTCCCACATTTTTGCCTGGGACGAGGGCTCATCGACATGETGAAA
AACCAGGCAATGGCTGATGCCCTGGAAAGCTTTGGGGAGAATCGCTTTGTGTCACCATTATCTTG
GGACTTGGTGGGACGARACCTCTTCGCCATGGCCETGGAAGGGGTGGTGTTCTTCCTCATTACTG
TTCTGATCCAGTACAGATTCTTCATCAGGCCCAGACCTGTARATGCAAAGCTATCTCCTCTGAAT
GATGAAGATGAAGATGTGAGGCGGGARAGACAGAGAATTCTTGATGGTGGAGGCCAGAATGACAT
CTTAGAAATCAAGGAGTTGACGAAGATATATAGAAGGAAGCGGAAGCCTGCTGTTGACAGGATTT
GCGTGGGCATTCCTCCTCCTGAGTGCTTTGGGCTCCTGECAGTTAATGGGCCTGGAAAATCATCA
ACTTTCAAGATGTTAACAGGAGATACCACTGTTACCAGAGGAGATGCTTICCTTAACAAAAATAG
TATCTTATCAAACATCCATGAAGTACATCAGAACATGGECTACTGCCCTCAGTTTGATGCCATCA
CAGAGCTGTTGACTGGGAGAGAACACGTGGAGTTCTTTGCCCTTTTGAGAGGAGTCCCAGAGARAR
GAAGTTGGCAAGGTTGGTGAGTGGGCGATTCGGAAACTGGGCCTCGTGAAGTATGGAGAAAAATA
TGCTGGTAACTATAGTGCAGGCAACAAACGCAAGCTCTCTACAGCCATGGCTTTGATCGGCGGGET
CTCCTGTGCTGTTTCTGGATGAACCCACCACAGCGCATGGATCCCAAAGCCCGGCGETTCTITGTGG
AATTGTGCCCTAAGTGTTGTCAAGGAGGGGAGATCAGTAGTGCTTACATCTCATAGTATGGAAGA
ATGTGAAGCTCTTTGCACTAGGATGGCAATCATGGTCAATGGAAGGTTCAGGTGCCTTGGCAGTG
TCCAGCATCTAAAAAATAGGTTTGGAGATGGTTATACAATAGTTGTACGAATAGCAGGGTCCAAC
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CCGGACCTCGAAGCCTCTCCAGGATTTCTTTGGACTTGCATTTCCTGCGAACTCTTCTAAAAGAGAA
ACACCGGAACATGCTACAATACCAGCTTCCATCTTCATTATCTTICTCTIGGCCAGCATATTCAGCA
TCCTCTCCCAGAGCAAAAAGCGACTCCACATAGAAGACTACTCTGTTTCTCAGACAACACTTGAC
CAAGTATTTGTGAACTTTGCCAAGGACCAAAGTGATGATGACCACTTAARAGACCTCTCATTACA
CAAAAACCAGACAGTAGTGGACGTTGCAGTTCTCACATCTTTTCTACAGGATGACAAAGTGAAAG
AAAGCTATGTAACGCGTACGCGGCCGCTCGAGCAGAAACTCATCTCAGAAGAGGATCTGGCAGCA
AATGATATCCTGGATTACAAGGATCACGACGATAAGGTTTAAACGGCCGGCCGCEGTCATAGCTG
TTTCCTGAACAGATCCCGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCCCTGGAA
GTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGACTA
GETGTCCTICTATAATATTATGGGETGGAGGGCCCTGGTATGGAGCAAGGGGCAAGTTGGGAAGA
CAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTC
ACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATT
CCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATAT
TGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTG
GGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTAAAATAACTATACCAGCA
GGAGGACGTCCAGACACAGCATAGCCTACCTGGCCATGCCCAACCGGTGGGACATTTGAGTTGCT

GCTTGGCACTGTCCTCTICATGCGTTGGGTCCACTCAGTAGATGCCTGTTGAATTGGGTACGCGG

CAGCGGCCEAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTG
CTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAG
GTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGCCGCTTACCGCGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCETEGLG
CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCETTCGCTCCAAGCTGGGCTG
TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCA
ACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGCTAACAGCGATTAGCAGAGCGAGG
TATGTAGGCGGTGCTACAGAGTTICTITGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGT
ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGCGTAGCTCTTGATCCG
GCARACAAACCACCGCTGGTAGCGETGGTTTITTTTGCTTTGCAAGCAGCAGATTACGCGCAGAAAA
AAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCACGTGGAACGAARACTC
ACGTTAAGCGATTTTGGTCATGAGATTATCAAARAGGATCTTCACCTAGATCCTTTTAAATTAARA
AATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAACCTGAGGCTATCGCAGEGCCTGCCGLC
CCGACGTTGGCTGCGAGCCCTGGGCCTTCACCCCAACTTGGGEGGTGEGETGEECAARAGGAAGA
AACGCGGGCGTATTGGCCCCAATGCCGETCTCGGTGGGGTATCGACAGAGTGCCAGCCCTGGGALCC
GAACCCCGCGTTTATGAACAAACGACCCAACACCGTGCGTTITTATTCTGTCTTTTTATTGCCGTC
ATAGCGCGEGTTCCTTCCGGETATTGTCTCCTTCCGTGTTTCAGTTAGCCTCCCCCTAGGGETGGEC
GAAGAACTCCAGCATCGACGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGEAAAACGATTC
CGAAGCCCAACCTTTCATAGAAGGCGGCGETGGAATCGARATCTCGTGATGGCAGGTTGGGCGTC
GCTTGGTCGETCATTTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAG
GCGATGCGCTGCGAATCGGGAGCGGCGATACCGTARAAGCACGAGGAAGCGGTCAGCCCATTCGCC
GCCAAGCTCTTCAGCAATATCACGEGTAGCCAACGCTATGTCCTGATAGCGATCCGCCACACCCA
GCCGGCCACAGTCGATGAATCCAGAARAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCA
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TCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTC
GGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCC
GAGTACGTGCTCGCTCGATGCEATGTTTCGCTTGGTGETCCAATGGGCAGCTAGCCGGAT CAAGC
GTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGETGAGATGA
CAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGT
CGAGCACAGCTGCGCAAGGAACGCCCGETCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGE
ACGTTCATTCAGGGCACCGCGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGETGACAG
CCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCT
CCACCCAAGCGOCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCCGAAACGATCCTCAT
CCTGTCTCTTGATCGATCTTTGCAARAGCCTAGGCCTCCAARAAAGCCTCCTCACTACTTCTGGA
ATAGCTCAGAGGCCGAGGCGGCCTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGC
GCGAGAATGGGCOGGAACTGGGCGCAGTTAGGGGCGEEATGGGCGGAGTTAGGGGCEGGACTATGGET
TGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCAL
ACCTGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGECAGCCTGGGGAC
TTTCCACACCCTAACTGACACACATTCCACAGCTGGETTCTTTCCGCCTCAGGACTCTTCCTTTTT
CAANTATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA
GCAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGCGCCCTGTA
GCGGCGCATTAAGCGCGGCEEETGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCC
CTAGCGCCCGCTCCTTTCGCIITCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCA
AGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAR
AACTTGATTAGGGCTGATGCTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTG
ACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTAT
CTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAARAATGAGC
TCGATTTAACAAAAATTTAACGCCAATTTTAACAAAATATT
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1
SONOCHEMICAL INDUCTION OF ABCA1
EXPRESSION AND COMPOSITIONS
THEREFOR

FIELD OF THE INVENTION

This invention relates to compositions comprising
sonochemically-active microspheres and a plasmid encoding
ATP-binding cassette transporter Al, and methods of induc-
ing ATP-binding cassette transporter Al expression in vivo.

SEQUENCE LISTING INCORPORATION

Biological sequence information for this application is
included in an ASCII text file having the file name “SG-2-
SEQ-4_ST25.txt”, created on Sep. 10, 2013 and having a file
size of 44617 bytes, which is incorporated herein by refer-
ence.

BACKGROUND

High-density lipoprotein (HDL) is the largest of the five
major groups of lipoproteins. Other lipoproteins include chy-
lomicrons, very low-density lipoprotein (VLDL), intermedi-
ate-density lipoprotein (IDL), and low-density lipoprotein
(LDL). HDL and other lipoproteins enable cholesterol and
other lipids (e.g., triglycerides) to be transported within the
bloodstream, despite their hydrophobic nature. About thirty
percent of blood cholesterol is carried by HDL in healthy
adults.

ATP-binding cassette transporter Al (ABCAL1) is an inte-
gral cell membrane protein that exports excess cholesterol
from cells in conjunction with phospholipid that is necessary
for the initial lipidation of ApoA1l to form nascent high den-
sity lipoprotein cholesterol (HDL-c). ABCA1 deficiency
leads to very low plasma levels of HDL-c. In contrast,
ABCAL1 overexpression reportedly protected C57B1/6 mice
from diet-induced atherosclerosis. Increasing ABCAI1 tran-
scription by enhancing its regulatory gene control by liver X
factor (LXR) has led to the induction of not only HDL bio-
genesis, but also to an adverse increase in lipogenesis, leading
to undesirable hepatic steatosis.

HDL-c is formed in the liver and the intestines by the
lipidation of apolipoprotein Al (apoAl) mediated by the
ABCAL transporter protein. Numerous studies of cultured
cells, human HDL deficiencies, and animal models have
shown that ABCA1 is a major determinant of plasma HDL
levels and a potent atheroprotective factor. The role of
ABCAL in the liver for the formation of plasma HDL is well
established, but it has been unclear whether stimulation of
ABCAL1 production will enhance lipidation and secretion of
nascent HDL thereby resulting in an increase in plasma
HDL-c levels.

The metabolism of HDL is complex and several factors
contribute to the transport of cholesterol from arteries to the
liver for excretion or re-use (reverse cholesterol transport).
Some key players in reverse cholesterol transport include
ABCAL1, ABCGI, apoAl, apoE, LXR, Niemann Pick pro-
teins 1 and 2 (NPC 1 and NPC2) sterol regulating element
binding protein (SREBP), CD36, acyl cholesterol acyl trans-
ferase (ACAT) and scavenger receptor Al (SRA1). Many of
these proteins have been considered as drug targets for
enhancing blood HDL-c levels; however, the effects of tar-
geting, enhancing the activity of, or otherwise interfering
with the normal activity and expression of any of these indi-
vidual proteins is unpredictable. High cholesterol also com-
monly is treated by inhibiting production of cholesterol in the
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liver (e.g., by inhibiting HMG-CoA reductase) or by inhibit-
ing digestion of fats (e.g., by inhibiting bile acid production).

Plasma HDL -c and LDL-c levels are routinely measured as
indicators of systemic atherosclerosis resulting in arterial
blockage. HDL can remove cholesterol from within arteries
and transport the cholesterol back to the liver for excretion or
re-utilization. Individuals with higher levels of HDL-c have a
reduced tendency for cardiovascular diseases. Low HDL-c
cholesterol levels (less than about 40 mg/dL. or about 1 mmol/
L) are associated with increased risk of heart disease. In
patients with Tangier disease (also known as “familial alpha-
lipoprotein deficiency”), a rare inherited disorder, mutations
in chromosome 9q31 lead to an inactive form of ABCA1. The
inactive ABCA1 leads to severely depressed levels of HDL in
the blood. Currently, there is no effective treatment for
Tangier disease.

Because of the positive epidemiological correlation
between HDL-c levels in the blood and reduced risk of heart
disease, as well as the link between HDL and Tangier disease,
there is an ongoing need for new methods of increasing blood
HDL-c levels. The present application addresses this ongoing
need.

SUMMARY OF THE INVENTION

The present invention provides compositions useful for
transfecting cells (e.g., liver cells) to express ABCAL. The
compositions described herein comprise a pharmaceutically
acceptable aqueous carrier containing sonochemically-active
microspheres together with a plasmid DNA construct encod-
ing an active form of ABCA1 and at least one promoter for the
expression thereof. The sonochemically-active microspheres
comprise, consist essentially of, or consist of gas bubbles
(e.g., a fluorocarbon gas, such as octafluoropropane or per-
fluorohexane) encapsulated within protein-containing or
lipid-containing shells (e.g., human serum albumin shells).
The microspheres are disruptable by exposure to ultrasonic
energy (sonication) to release the encapsulated gas.

The following embodiments are provided as illustrative,
non-limiting examples of the compositions and methods
described herein.

Embodiment 1 comprises a composition useful for trans-
fecting cells comprising a mixture of a plasmid vector encod-
ing an active form of ATP-binding cassette transporter Al
(ABCAL1) and sonochemically-active microspheres in a phar-
maceutically acceptable aqueous carrier. The vector com-
prises an expressible open reading frame encoding the active
form of ABCA1 and at least one sequence adapted to promote
expression of the open reading frame in a mammalian cell.
The sonochemically-active microspheres comprise gas
bubbles encapsulated within shells comprising a protein, a
lipid, or a combination thereof, the microspheres being dis-
ruptable upon exposure to ultrasonic acoustic energy to
release the encapsulated gas bubbles.

Embodiment 2 comprises the composition of embodiment
1 wherein the microspheres have an average particle size in
the range of about 0.5 to about 20 micrometers.

Embodiment 3 comprises the composition of embodiment
1 or embodiment 2 wherein the gas comprises a fluorocarbon
gas.

Embodiment 4 comprises the composition of any one of
embodiments 1 to 3 wherein the shells comprise human
serum albumin.

Embodiment 5 comprises the composition of any one of
embodiments 1 to 4 wherein the active form of ABCA1 has
the amino acid sequence of SEQ ID NO: 1.
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Embodiment 6 comprises the composition of any one of
embodiments 1 to 5 wherein the open reading frame has the
nucleotide sequence of SEQ ID NO: 2.

Embodiment 7 comprises the composition of any one of
embodiments 1 to 6 wherein the at least one sequence adapted
to promote expression of the open reading frame comprises a
cytomegalovirus promoter.

Embodiment 8 comprises the composition of any one of
embodiments 1 to 7 wherein the plasmid is present in the
composition at a concentration in the range of about 0.5 to
about 50 mg/mlL..

Embodiment 9 comprises the composition of any one of
embodiments 1 to 8 wherein the microspheres are present in
the composition at a concentration in the range of about 108 to
about 10° microspheres per milliliter.

Embodiment 10 comprises the composition of any one of
embodiments 1 to 9 wherein the aqueous carrier comprises
physiological saline, optionally buffered at physiological pH.

Embodiment 11 comprises the composition of any one of
embodiments 1 to 10 further comprising at least one material
selected from the group consisting of (a) a drug for treating a
condition relating to lipid metabolism or transport, (b) a plas-
mid encoding a protein other than ABCA1 involved in lipid
metabolism of transport, and (c) a plasmid encoding an
siRNA that targets a protein involved in lipid metabolism or
transport.

Embodiment 12 comprises the composition of any one of
embodiments 1 to 11 wherein the plasmid encoding ABCA1
also encodes at least one material selected from the group
consisting of (a) a protein other than ABCA1 involved in lipid
metabolism of transport, and (b) an siRNA that targets a
protein involved in lipid metabolism or transport.

Embodiment 13 comprises a composition useful for trans-
fecting cells comprising a mixture of about 0.5 to about 50
mg/mL of a plasmid vector encoding an active form of ATP-
binding cassette transporter Al (ABCA1) and about 10® to
about 10° microspheres per milliliter of sonochemically-ac-
tive microspheres in a pharmaceutically acceptable aqueous
carrier; wherein the vector comprises an expressible open
reading frame encoding the active form of ABCA1 and at
least one sequence adapted to promote expression of the open
reading frame in a mammalian cell; and wherein the
sonochemically-active microspheres comprise octafluoro-
propane gas bubbles encapsulated within shells comprising
human serum albumin, the microspheres being disruptable
upon exposure to ultrasonic acoustic energy to release the
encapsulated gas bubbles.

Embodiment 14 comprises a method of transfecting a tis-
sue in vivo to express an active form of ABCA1 in cells of the
tissue, the method comprising the steps of (a) intravenously
co-administering to a subject a plasmid vector encoding the
active form of ATP-binding cassette transporter Al
(ABCAl), and sonochemically-active microspheres;
wherein the vector comprises an expressible open reading
frame encoding the active form of ABCA1 and at least one
sequence adapted to promote expression of the open reading
frame in a mammalian cell; and wherein the sonochemically-
active microspheres comprise gas bubbles encapsulated
within shells comprising a protein, a lipid, or a combination
thereof, the microspheres being disruptable upon exposure to
ultrasonic acoustic energy to release the encapsulated gas
bubbles; (b) ultrasonically imaging the tissue of the subject to
be transfected while the plasmid and microspheres of the
composition are circulating through the vasculature of the
tissue and thereby detecting the presence of the microspheres
in the vasculature of the tissue; and (¢) while the microspheres
are present in the tissue, applying pulses of ultrasonic energy
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to the tissue at an acoustical energy level higher that that
required for imaging and at a sufficient energy level to disrupt
the microspheres and release the gas bubbles therefrom, the
pulses of ultrasonic energy and release of gas bubbles thereby
temporarily increasing the porosity of cells in the tissue to
facilitate entry of the plasmid into the cells to effect transfec-
tion thereof.

Embodiment 15 comprises the method of embodiment 14
wherein the microspheres have an average particle size in the
range of about 0.5 to about 20 micrometers.

Embodiment 16 comprises the method of embodiment 14
or embodiment 15 wherein the gas comprises a fluorocarbon
gas.

Embodiment 17 comprises the method of any one of
embodiments 14 to 16 wherein the shells comprise human
serum albumin.

Embodiment 18 comprises the method of any one of
embodiments 14 to 17 wherein the active form of ABCA1 has
the amino acid sequence of SEQ ID NO: 1.

Embodiment 19 comprises the method of any one of
embodiments 14 to 18 wherein the at least one sequence
adapted to promote expression of the open reading frame
comprises a cytomegalovirus promoter.

Embodiment 20 comprises the method of any one of
embodiments 14 to 19 wherein the plasmid is administered in
an aqueous carrier at a concentration in the range of about 0.5
to about 50 mg/mL..

Embodiment 21 comprises the method of any one of
embodiments 14 to 20 wherein the microspheres are admin-
istered in an aqueous carrier at a concentration in the range of
about 10° to about 10° microspheres per milliliter.

Embodiment 22 comprises the method of any one of
embodiments 14 to 21 wherein the plasmid and the micro-
spheres are administered as a mixture in one aqueous carrier.

Embodiment 23 comprises the method of any one of
embodiments 14 to 21 wherein the plasmid and the micro-
spheres are administered in separate aqueous carriers.

Embodiment 24 comprises the method of any one of
embodiments 14 to 23 wherein an additional biologically
active agent is co-administered along with the plasmid and
microspheres.

Embodiment 25 comprises the method of embodiment 24
wherein the additional biologically active agent comprises at
least one material selected from the group consisting of (a) a
drug for treating a condition relating to lipid metabolism or
transport, (b) a plasmid encoding a protein other than ABCA1
involved in lipid metabolism of transport, and (c) a plasmid
encoding an siRNA that targets a protein involved in lipid
metabolism or transport.

Embodiment 26 comprises the method of any one of
embodiments 14 to 25 wherein the tissue comprises liver
tissue, intestinal parenchymal tissue, or a combination
thereof. Embodiment 27 comprises use of a composition of
any one of embodiments 1 to 13 to enhance high density
lipoprotein cholesterol in the blood of a subject (e.g., to treat
atherosclerosis).

Embodiment 28 comprises use of a composition of any one
of embodiments 1 to 13 for the preparation of a medicament
to enhance high density lipoprotein cholesterol in the blood of
a subject (e.g., to treat atherosclerosis).

In a study conducted with rats, sonoporation of the liver in
conjunction with a peripheral (tail vein) intravenous infusion
of'an aqueous composition containing ABCA1 plasmids and
albumin-encapsulated fluorocarbon gas (octafluoropropane)
microspheres resulted in a significant increase in plasma
HDL-c levels relative to the baseline HDL-c levels for the
rats. In this study, ABCA1 plasmid achieved a higher serum
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concentration of HDL-c than apoAl plasmid. This finding is
both surprising and novel the current understanding in this
field is the most effective method to increase hepatic secretion
of HDL-c is to increase apoAl synthesis. In fact, treatment
with both the ABCA1 plasmid and the apoA1 plasmid was no
better than an infusion of ABCA1 alone in this study.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides the amino acid sequence of human ABCA1
(SEQ ID NO: 1) utilized in the examples herein.

FIG. 2 provides the open reading frame nucleotide
sequence of human ABCA1 (SEQ ID NO: 1) utilized in the
examples herein.

FIG. 3 illustrates the nucleotide sequence of the plasmid
(SEQ ID NO: 3) utilized in the examples herein.

FIG. 4 provides a schematic illustration of the ABCALl
plasmid utilized in the examples described herein.

FIG. 5 provides a graph of blood HDL-c in rats following
sonochemical treatment with compositions comprising
OPTISON microspheres and plasmids encoding ABCAL,
apoAl, or a combination thereof.

DETAILED DESCRIPTION OF SELECTED
EMBODIMENTS

In one aspect, the present invention provides compositions
useful for transfecting cells to express ABCA1 comprise a
pharmaceutically acceptable aqueous carrier containing
sonochemically-active microspheres together with a plasmid
DNA construct encoding an active form of ABCA1 and at
least one promoter for the expression thereof. The
sonochemically-active microspheres comprise, consist
essentially of, or consist of gas bubbles encapsulated within
protein-containing or lipid-containing shells. The micro-
spheres are disruptable by sonication (i.e., exposure to ultra-
sonic acoustic energy), releasing the encapsulated gas.

In another aspect, the present invention provides a method
of'inducing ABCA1 expression in cells in vivo, and a method
enhancing high density lipoprotein cholesterol in the blood.
These methods comprise intravenously co-administering an
ABCALI plasmid and sonochemically active microspheres as
described herein to a subject, ultrasonically imaging the a
target tissue (e.g., the liver or intestinal parenchymal tissue)
of'the subject to detect when the microspheres are circulating
through the vasculature of the tissue. The imaging typically is
performed by external application of ultrasonic acoustic
energy at a mechanical index (MI; which is defined as the
peak negative acoustic pressure divided by the square of the
imaging frequency) less than about 0.4 MI. When the micro-
spheres are detected in the target tissue, pulses of ultrasonic
acoustic energy are applied to the tissue at an acoustic energy
level higher than the energy level needed for imaging (typi-
cally greater than 1 M1, preferably greater than 1.3 M1, and up
to about 2 MI), and of sufficiently high acoustic energy to
disrupt the shells of the microspheres and release the gas
bubbles encapsulated by the shells. The pulses preferably are
applied at an acoustic frequency of about 1 to about 7 MHz.
The acoustic energy of the pulses and the release of gas
bubbles in the tissue temporarily increases the porosity of the
tissue cell membranes (a process referred to herein as
“sonoporation”).

Sonoporation of a tissue such as the liver comprises sup-
plying ultrasonic acoustic energy pulses to the tissue with the
ultrasound imaging probe. The pulses are applied while ultra-
sonically imaging the tissue so that the pulses are applied
primarily when the microspheres (and thus also the co-ad-
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ministered plasmid) are present. The pulses typically are
applied at a rate of about 6 to about 8 pulses per minute for a
total of about 5 to about 20 pulses. The pulse duration typi-
cally is in the range of about 500 to about 2000 milliseconds
per pulse. The acoustic energy pulses disrupt the micro-
spheres and release the encapsulated gas. This disruption,
combined with directly supplied acoustic energy makes the
cells more porous to the plasmids, so that the plasmids can
enter and transfect the cells. Once transfected, the cells tran-
scribe protein via messenger RNA leading to synthesis of
active ABCA1, which in turn enhances HDL formation and
HDC-c concentration in the blood.

As used herein, the term “co-administration” and gram-
matical variations thereof, refers to administering two or
more materials to the same individual during the same thera-
peutic session. Such co-administration can involve adminis-
tering material separately, or together within the same com-
position. The co-administration can be simultaneous or can
be temporally separated. In addition, sites of co-administra-
tion can be in the same location or different locations.

As used herein, the term “plasmid” and grammatical varia-
tions thereof refers to small circular DNA that is physically
separate from, and can replicate independently of, chromo-
somal DNA within a cell (i.e., in an episome), and which
commonly are found as small (e.g., about one thousand to
about one million base pairs) circular, double-stranded DNA
molecules in bacteria. Artificial plasmids are used as vectors
in molecular cloning, serving to drive the replication of
recombinant DNA sequences within episomes in the host
cells without altering the chromosomal DNA of the host cells.

As used herein, the term “episomally transfected” and
grammatical variations thereof refer to non-insertional (non-
integrating) transfection with exogenous episomal nucleic
acid, such as DNA, siRNA, RNA, or mRNA (e.g. a plasmid or
other episomal vector) to produce a cell with unaltered chro-
mosomal DNA, in which the a polypeptide encoded by the
episomal DNA is expressed within the target cells (e.g., liver
cells) without genomic integration of the exogenous DNA. As
used herein, the term “episome” and grammatical variations
thereof refers to closed circular DNA molecules that are rep-
licated in the nucleus, and is intended to encompass exog-
enous plasmids introduced into host cells such as liver cells.
Preferably, the plasmid encodes the active form of ABCA1
and also encodes regulatory elements (e.g., a promoter) to
facilitate episomal expression of the ABCA1 protein.

As used herein, the term “active form of ABCA1” and
grammatical variations thereof refers to the ABCA1 protein
of SEQ ID NO: 1 and variations thereof comprising conser-
vative substitutions in SEQ ID NO: 1 and sharing at least
about 95 percent sequence identity (e.g., at least about 95, 96,
97, 98, or 99% sequence identity) with SEQ ID NO: 1 and
retaining the lysine residues at positions 939 and 1952 of SEQ
ID NO: 1.

Percentage values stated herein are on a weight-weight
basis (i.e., “weight percent” or “percent by weight”) when
referring to a concentration, and on a number basis when
referring to a quantity or countable number of items, as the
context will make evident and unless otherwise specified.

As used herein, a “therapeutically effective dosage” is an
amount (e.g., a total of about 0.5 to about 10 mL of a single
composition or co-administered compositions comprising
about 0.5 to about 50 mg/ml. of the ABCA1 plasmid and
about 10® to about 10° of the microspheres per milliliter) such
that when administered in conjunction with sonication of the
liver, the plasmids transfect cells of the tissue to express the
nucleic acid, subsequently resulting in enhanced HDL-c level
in the blood, or other effects targeted by the therapy. The
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dosage and number of doses (e.g. single or multiple dose)
administered to a subject will vary depending upon a variety
of factors, including the route of administration, patient con-
ditions and characteristics (sex, age, body weight, health,
size), extent of symptoms, concurrent treatments, frequency
of treatment and the effect desired, the concentration of plas-
mids in the composition, and the like.

Adjustment and manipulation of dosage ranges, as well as
in vitro and in vivo methods of determining the therapeutic
effectiveness of the composition in an individual, are well
within the ability of those of ordinary skill in the medical arts.
In some preferred embodiments, the dosage does not exceed
about 5 mL of composition over a 10 minute period. Suitable
safe dosages of ultrasonic contrast agents provide a useful
guideline for use in the methods described herein. Such safe
dosages are well known in the art and are documented in
literature from ultrasonic contrast agent manufacturers.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the invention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (i.e., meaning “including,
but not limited to,”) unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the speci-
fication as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

Sonochemically-active microspheres suitable for use in the
compositions and methods described herein include any pro-
tein-based or lipid-based gas-filled microspheres (also known
as “microbubbles”) that can be used as ultrasonic imaging
contrast agents. The microspheres comprise a physiologi-
cally acceptable gas (e.g., a non-toxic gas such as nitrogen,
air, oxygen, argon, or a fluorocarbon such as octafluoropro-
pane (also known as “perflutren”) or perfluorohexane. The
shell of the microspheres can comprise a protein (e.g., human
serum albumin), a lipid material (e.g., phospholipids, phos-
phocholine lipids, and polyethoxylates thereof), or a combi-
nation thereof. Some lipid-based microspheres may also con-
tain galactose in the shell. Protein-containing microspheres
can include relatively small amounts (e.g., less than about 1
percent) of fatty acids (e.g., caprylic acid), amino acids or
amino acid derivatives (e.g., N-acyltryptophan), or other for-
mulation aids. The microspheres typically have a mean par-
ticle size (i.e., effective mean diameter) in the range of about
1 to about 10 micrometers (preferably about 1 to about 5
micrometers). Preferably, at least about 95% of the micro-
spheres have a diameter of less than about 10 micrometers.
The microspheres preferably are present in the composition at
a concentration in the range of about 10® to about 10° of the
microspheres per milliliter. The compositions described
herein preferably are prepared by simple mixing of a micro-
sphere suspension (e.g., as supplied by the manufacturer)
with a solution of the plasmid or plasmids that are to be
co-administered.
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The pharmaceutically active aqueous carrier of the com-
positions comprises water (e.g., deionized, pyrogen-free
water), and preferably includes one or more salts (e.g.,
sodium chloride, phosphate, citrate, and the like). In some
preferred embodiments the aqueous carrier comprises physi-
ological saline (about 0.9 percent NaCl), phosphate buffered
saline, and the like. The carrier optionally can include other
soluble materials (e.g., dextrose), preservatives, and the like,
to provide a solution that is generally sterile, safe, isotonic
and compatible with blood. Preferably, the compositions have
a physiological pH (e.g., about pH 6.4 to 7.5).

Some preferred microsphere formulations useful in the
compositions and methods described herein include the OPT-
SON brand microspheres (available from GE Healthcare),
IMAGENT brand microspheres (developed by Alliance Phar-
maceutical), and DEFINITY brand microspheres (available
from Lantheus Medical Imaging, Inc.). Preferably, the com-
positions comprise human serum albumen encapsulated
octafluoropropane microspheres, such as OPTISON micro-
spheres.

According the manufacturer, OPTISON microsphere sus-
pensions from GE Healthcare comprise about 5x10% to about
8x10°® microspheres per mL of suspension. The microspheres
comprise perflutren (octafluoropropane) gas bubbles encap-
sulated within shells of human serum albumin. The micro-
spheres have a mean particle diameter of about 3 to about 4.5
pum with about 95% of the microspheres having a diameter of
less than about 10 um. The microspheres are suspended in a
physiological saline solution (about 0.9 percent by weight
NaCl in water). The compositions also can include less than
about 1 percent caprylic acid, and less than about 1 percent
N-acyltryptophan. Each milliliter of OPTISON microspheres
reportedly comprises about 10 mg of human serum albumin,
about 0.2 to 0.3 mg of perflutren, about 0.2 mg N-acetyltryp-
tophan, and about 0.12 mg capiylic acid in 0.9% aqueous
sodium chloride at a pH of about 6.4-7.4. The headspace of
the vial containing the suspension is filled with perflutren gas.
The manufacturer recommends that the injection rate should
not exceed about 1 mL per second (maximum total dose
should not exceed about 5 mL in any 10 minute period, and
maximum total dose should not exceed about 8.7 mL in any
one patient study).

IMAGENT perflexane lipid microsphere composition
(trade name previously IMAVIST) is an injectable suspension
developed by Alliance Pharmaceutical. The microspheres
reportedly  comprise  perflexane  (perfluorohexane)
microbubbles encapsulated in a lipid-based shell comprising
1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC),
hydroxyethyl starch and poloxomer (a nonionic triblock
copolymer composed of a central hydrophobic chain of poly-
oxypropylene flanked by two hydrophilic chains of polyoxy-
ethylene). The microspheres are suspended in a phosphate
buffered saline solution.

According to manufacturer information, DEFINITY per-
flutren lipid microspheres are provided as an injectable sus-
pension. The DEFINITY material is supplied as components
that upon activation yield perflutren lipid microspheres. The
material is supplied in a vial containing a clear, colorless,
sterile, non-pyrogenic, hypertonic liquid, which upon activa-
tion with the aid of a VIALMIX brand activator, provides a
homogeneous, opaque, milky white injectable suspension of
perflutren lipid microspheres. The suspension of activated
DEFINITY microspheres is administered by intravenous
injection. The perflutren lipid microspheres are composed of
octafluoropropane encapsulated in an outer lipid shell con-
sisting of (R)-hexadecanoic acid-1-[(phosphonoxy)methyl]-
1,2-ethanediyl ester, monosodium salt (abbreviated. DPPA);
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(R)-4-hydroxy-N,N,N-trimethyl10-o0xo0-7-[ (1-oxohexade-
cyl)oxy]-3,4,9-trioxa-4-phosphapentacosan-1-aminium-4-
oxide inner salt (abbreviated DPPC); and (R)-a-[6-hydroxy-
6-0xido-9-[(1-oxohexadecyl)oxy|5,7,11-trioxa-2-aza-6-
phosphahexacos-1-yl]-m-methoxypoly(ox-1,2-ethanediyl),
monosodium salt (abbreviated MPEGS5000 DPPE).

DPPA has a molecular weight of 670, empirical formula of
C,5Hg3OgPNa, and following structural formula:
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increase protein expression. Plasmids also typically include a
strong polyadenylation/transcriptional termination signal,
such as bovine growth hormone or rabbit beta-globulin poly-
adenylation sequences.

Because the plasmid provided the genetic material from
which the protein of interest is expressed, optimizing vector
design for maximal protein expression is desirable. For
example, the codonusage can be adjusted to better conform to
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DPPC has a molecular weight of 734, empirical formulaof 20 eukaryotic cells. Another factor to consider is the choice of
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MPEGS000 DPPE has an approximate molecular weight
of 5750  represented by  empirical formula
C,65Hs5,NO, ,;PNa, and the following structural formula:
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(SV40) promoter, the Rous Sarcoma Virus (RSV) promoter,
and the cytomegalovirus (CMV) promoter. In addition,
expression rates can sometimes be improved by inclusion of
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Prior to VIALMIX activation, the DEFINITY component
vial reportedly contains 6.52 mg/ml. octafluoropropane in the
headspace. Each mL of the clear liquid reportedly contains
0.75 mg lipid blend (consisting of 0.045 mg DPPA, 0.401 mg
DPPC, and 0.304 mg MPEGS5000 DPPE), 103.5 mg propy-
lene glycol, 126.2 mg glycerin, 2.34 mg sodium phosphate
monobasic monohydrate, 2.16 mg sodium phosphate dibasic
heptahydrate, and 4.87 mg sodium chloride in water (pH is
6.2-6.8). After activating the contents of the vial, each mL of
the milky white suspension reportedly contains a maximum
of 1.2x10'° perflutren lipid microspheres, and about 150
pm/ml (1.1 mg/mL) octafluoropropane. The microsphere
mean particle size is about 1.1 pm to 3.3 pm, with 98% of the
microspheres having a diameter of less than 10 pm.

Plasmid Design.

Plasmids generally comprise a strong viral promoter to
drive the in vivo transcription and translation of the encoded
gene (or complementary DNA, RNA, siRNA, or mDNA) of
interest (which is present as an open reading frame). Intron A
may can be included to improve mRNA stability and hence

55

enhancer sequences, adenovirus ftripartite leader (TPL)
sequences, or modifications to the polyadenylation and tran-
scriptional termination sequences. Non-limiting examples of
episomal plasmid vectors suitable for use as vectors for trans-
fection of liver cells include SV40-based vectors, Epstein-
Barr virus-based vectors, papilloma virus-based vectors, BK
virus-based vectors, and the like, which are well known in the
molecular genetics art.

Non limiting examples of episomal vectors suitable for use
as non-integrating vectors for transfection of eukaryotic cells
(e.g., primary MSC) include simian virus 40-based vectors,
Epstein-Barr virus-based vectors, papilloma virus-based vec-
tors, BK virus-based vectors, and the like, which are well
known in the molecular genetics art.

In some embodiments, an additional biologically active
agent is co-administered along with the plasmid and micro-
spheres. Such additional biologically active agents include,
for examples, a drug for treating a condition relating to lipid
metabolism or transport, a plasmid encoding a protein other
than ABCA1 involved in lipid metabolism of transport, and a



US 9,101,745 B2

11

plasmid encoding an siRNA that targets a protein involved in
lipid metabolism or transport. Additionally, or alternatively,
the plasmid encoding the active ABCA1 can also encode an a
protein other than ABCA1 involved in lipid metabolism of
transport, or a siRNA that targets a protein involved in lipid
metabolism or transport.

Non-limiting examples of drugs for treating a condition
relating to lipid metabolism or transport include HMG-CoA
inhibitors, such as statins (e.g., atorvastatin, cerivastatin, flu-
vastatin, lovastatin, mevastatin, pitavastatin, pravastatin,
rosuvastatin, simvastatin, and combinations thereof); bile
acid inhibitors (e.g., cholestyramine, colestipol, colesevalam,
and combinations thereof); fibric acid derivatives (e.g., clofi-
brate, gemfibrozil, fenofibrate) which may lower LDL-c and
raise HDL-c; and niacin.

Examples of proteins involved in lipid metabolism or
transport include, e.g., ABCAl, ABCGI1, apoAl, apoA2,
apoE, LXR, NPC1, NPC2, SREBP, CD36, ACAT, SRA1, and
HMG-CoA. Such enzymes or siRNA targeting such proteins
may be encoded by a plasmid co-administered with the
ABCAL1 plasmid, or in some cases can be encoded the same
plasmid as the ABCAL.

Co-administration of a drug or a plasmid encoding a lipid
metabolism/transport protein or siRNA can have the advan-
tage of tailoring treatment to the specific condition suffered
by the patient, by invoking multiple action sites, multiple
metabolic targets, or both. For example, the materials to be
co-administered can be selected e.g., to HDL-c and lower
LDL-c in patients where both types of cholesterol are outside
the recommended levels, or to raise HDL-c and lower total
triglycerides, etc. In addition, different tissues may be trans-
fected in a given subject, e.g., to target optimal tissues that
may be involved in the particular lipid metabolic pathways of
interest. For example, one tissue may be transfected to
express one protein or siRNA, while a different tissue of the
same subject may be transfected to express another protein of
siRNA.

The following non-limiting examples are provided to illus-
trate certain features and aspects of the IP-MSC and methods
described herein.

Methods and Procedures.

Male Sprague-Dawley rats (180-250 g) were purchased
through Charles River Laboratories, Wilmington, Mass. All
animal studies performed in an AAALAC, USDA, and
OLAW accredited facility. Rats were housed in sterile cages
(Alternative Design Manufacturing & Supply Inc., Siloam
Springs, Ark.) and provided ad libitum access to standard
commercial feed (Lab Diet; Purina Mills, St. Louis, Mo.) and
water. Animals were maintained on a 12-hour:12-hour light:
dark cycle, controlled temperature (approximately 24° C.)
and controlled humidity (approximately 40%).

ApoAl DNA Plasmids.

AnapoAl expression plasmid was constructed by subclon-
ing an 804 bp human apoA1 PCR cDNA product into expres-
sion vector pMIR0125 (Mirus Bio Corp, Madison, Wis.) con-
taining human apoE hepatic control region (HCR), human
ubiquitin C promoter and first intron. The final construct,
pMIR0332-HCRUbC-h apoA1 was sequenced and the result-
ing clone matched the reported human apoAl sequence. An
ABCAL1 expression vector was purchased from Origene
(ABCA1 (NM 005502) Human cDNA ORF Clone, Cat. No.
RC221861). FIG. 1 provides the amino acid sequence of
ABCAL1 (SEQ ID NO: 1) encoded in the open reading frame
of'the vector. FIG. 2 provides the nucleotide sequence of the
ABCAL open reading frame (SEQ ID NO: 2) of the vector,
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while FIG. 3 provides the nucleotide sequence of the entire
vector (SEQ ID NO: 3). FIG. 4 provides a schematic map of
the ABCAI1 plasmid.

Infusion Method.

The plasmids (i.e., apoAl plasmid, ABCA1 plasmid, or a
combination of apoAl and ABCAI1 plasmids) were mixed
with commercial OPTISON microsphere suspension for
injection. Anesthetic: Inhalable gas mixture of oxygen and
1.5-3.0% isoflurane. A warming bed maintained rat body
temperature at 37° C. Tail vein injections were performed
using a 26 GA ¥4-inch catheter. Mixtures: About 1 mL of
OPTISON microspheres was mixed with (1) apoAl DNA
plasmid (approximately 8 mg in 1 mL), or (2) ABCA1 plas-
mid (approximately 7.3 mgin 1 mL), or (3) a combination of
apoAl and ABCA1 plasmids at the same concentrations per
ml as used for the individual plasmids.

Plasmid Volume and Concentration of DNA.

All plasmids alone or in combination were mixed with
OPTISON microspheres for about 15 to about 30 seconds
prior to injection with a 3 ml injection syringe and then
co-administered or co-infused. The infusion rate was manu-
ally performed at a timed rate of about 2 to 3 m[./minute and
the total infusion duration was about 50 to about 70 seconds.
Ultrasound Equipment and Imaging and Therapeutic Param-
eters.

AVIVID I brand imaging system (GE Healthcare Systems,
Milwaukee, Wis.) equipped with a 3S ultrasound probe was
utilized for all liver sonications. All acoustic energy settings
remained within FDA guidelines outlined for diagnostic use
(ALARA principle). The rat liver was continually visualized
using external ultrasound to verify appearance of OPTISON
mixture within the liver vasculature and parenchyma. Low
mechanical index (MI) ultrasound acoustic energy was used
for imaging (e.g., <0.4 MI) whereas, higher MI (about 1.3 MI
or greater) was used for therapy. No surgical abdominal inci-
sion was ever performed; external ultrasound was used to
visualize the liver. The abdomen was shaved to eliminate
surface hair.

The ultrasound parameters consisted of an continuous low
mechanical index (MI<0.4) ultrasound exposure for “imag-
ing” followed by a two-second “pulse” for therapeutic effect
for a total of 10 “pulses.” A pulse was defined as a relatively
higher (MI>1.3) burst of an ultrasound pulse. In sum, the
“pulse” length was about 2 seconds with a pulse interval of
about 8 seconds for a total of 10 pulses.

Blood Samples.

Three tail vein blood samples (0.5 ml) were collected over
6 days to establish a baseline serum HDL-c for each rat prior
to treatment. After treatment with the plasmids in the OPTI-
SON microsphere suspensions, blood samples were collected
daily for three days and then after a three day hiatus. All blood
samples were collected in glass test tubes containing a lithium
heparin anticoagulant. The separated serum samples were
analyzed using a clinical lipid panel test strip (PTS #1710
Lipid Panel Test for CARDIOCHEK PA CHOLESTEROL
ANALYZER, Polymer Technology Systems, Inc., India-
napolis, Ind.) to quantify HDL values. Graphical data are
reported as mean+1 SEM and statistical significance was
determined by a two-sample t-test. The null hypothesis was
rejected at P<0.05 and all statistical analyses were carried out
using MINITAB12 (Minitab Inc., State College, Pa. USA).
Results.

FIG. 5 provides a graph of blood HDL-c levels of the
treated rats, including the baseline level and levels for three
days post-treatment. The selective hepatic transduction of
ABCAL1 through sonoporation described herein resulted in
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enhanced blood HDL-c relative to baseline HDL-c concen-
tration. A single sonochemical treatment with an ABCAL1
plasmid and sonochemically active microsphere composition
in conjunction with sonication of the liver resulted in a 15%
increase in HDL-c. A surprising finding in this study was that
the ABCAL plasmid therapy resulted in superior increases in
HDL-c relative to treatment with an apoAl plasmid or the
combination of ABCA1 and apoAl plasmids under the same
sonication conditions.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred

10

14

embodiments may become apparent to those of ordinary skill
in the art upon reading the foregoing description. The inven-
tors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3
<210>
<211>
<212>
<213>
<220>
<221>
<223>

SEQ ID NO 1

LENGTH: 2261

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: MISC_FEATURE

OTHER INFORMATION: Human ABCAl

<400> SEQUENCE: 1

Met Ala Cys Trp Pro Gln

1 5

Leu Leu

10

Leu Arg Leu Trp Lys

Phe Gln Thr Gln Leu Leu Leu Glu Val

25

Arg Arg Arg

20

Cys

Phe Ile

35

Phe Ile Ile

40

Val Ser

45

Leu Leu Leu Ser Arg Leu

Glu
50

Gln Glu Phe Ala

60

His Pro Asn Met

55

Tyr His Cys Lys

Thr Val

70

Gly Gln Ile Ile Ala

65

Leu Pro Trp Gly Cys Asn

75
Phe Thr

Glu Ala

90

Pro Pro Pro Val

85

Cys Arg Tyr Gly Gly

Phe Ile Val Ala Leu Phe Ser Ala

105

Ser
100

Asn Lys Arg Asp

Gln Thr

120

Met Met

125

Leu Leu Tyr Ser Ser

115

Lys Asp Lys Asp

Thr Gln Gln Ile

135

Ser Asn

140

Leu Arg Leu Ser Ser

130

Lys Lys

Gln
145

Phe Val Glu Thr Phe Ser Phe

155

Asp Leu Asp Asn

150

Gly

Pro Ser Thr Val Met Leu

165

Leu Ser Leu Lys Asp

170

Lys

Val Ile Val Phe Gln

185

His Leu Gln Leu

180

Leu Lys Gly Tyr

Glu Glu Met Ile Gln

205

Ser
200

Ser Leu Cys Asn Ser

195

Gly Lys

Gln Glu

210

Val Glu Glu

220

Ser Leu Cys Leu Pro

215

Gly Arg Lys

Ala
225

Glu Val Met Ile

235

Arg Leu Arg Ser Asn Leu

230

Asp Lys

Thr Thr Phe Pro Ser Glu

250

Ser Ser Pro

245

Arg Leu Asn Lys

Ala Thr Thr

260

Leu Thr Leu Ala

265

Lys Leu Leu His Ser Gly

Leu Thr

15

Asn

Ala
30

Trp Pro

Tyr Pro Pro

Pro Ser Ala

Pro
80

Asn Asn

Val Gly Asn

Arg Leu

110

Arg

Arg Lys Val

Leu Lys Leu

His
160

Leu Tyr

Ala
175

Arg Asp

His Leu Thr

190
Leu

Gly Asp

Leu Ala Ala

Ile Leu

240

Pro

Ala
255

Leu Glu

Gln
270

Glu Leu
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16

Phe

Thr

Ser

305

Ser

Asn

Pro

Arg

Tyr

385

Lys

Glu

Met

Trp

Ala

465

Thr

Ile

Glu

Ser

545

Asp

Gly

Phe

Thr

Pro

625

Pro

Lys

Ile

Ser

Asn

290

Arg

Leu

Gly

Tyr

Ile

370

Thr

Thr

Glu

Asp

Glu

450

Phe

Tyr

Ile

Ala

Arg

530

Ile

Asn

Pro

Ala

Gly

610

Cys

Leu

Gly

Met

Met

275

Val

Ile

Asn

Thr

Cys

355

Ile

Pro

Phe

Leu

Leu

435

Gln

Leu

Thr

Ser

Thr

515

Lys

Glu

Val

Arg

Tyr

595

Thr

Tyr

Phe

Ile

Gly
675

Arg

Asn

Val

Trp

Glu

340

Asn

Trp

Asp

Gln

Ser

420

Val

Gln

Ala

Trp

Arg

500

Glu

Phe

Leu

Glu

Ala

580

Leu

Glu

Val

Met

Val

660

Leu

Ser

Ser

Cys

Tyr

325

Glu

Asp

Lys

Thr

Glu

405

Pro

Arg

Leu

Lys

Arg

485

Phe

Val

Trp

Pro

Arg

565

Asp

Gln

Lys

Asp

Thr

645

Tyr

Asp

Trp

Ser

Gly

310

Glu

Asp

Leu

Ala

Pro

390

Leu

Lys

Met

Asp

His

470

Glu

Met

Trp

Ala

His

550

Thr

Pro

Asp

Lys

Asp

630

Leu

Glu

Asn

Ser

Ser

295

His

Asp

Ala

Met

Leu

375

Ala

Ala

Ile

Leu

Gly

455

Pro

Ala

Glu

Leu

Gly

535

His

Asn

Phe

Val

Thr

615

Ile

Ala

Lys

Ser

Asp

280

Ser

Pro

Asn

Glu

Lys

360

Lys

Thr

Val

Trp

Leu

440

Leu

Glu

Phe

Cys

Ile

520

Ile

Val

Lys

Glu

Val

600

Gly

Phe

Trp

Glu

Ile
680

Met

Ser

Glu

Asn

Thr

345

Asn

Pro

Arg

Phe

Thr

425

Asp

Asp

Asp

Asn

Val

505

Asn

Val

Lys

Ile

Asp

585

Glu

Val

Leu

Ile

Ala

665

Leu

Arg

Thr

Gly

Tyr

330

Phe

Leu

Leu

Gln

His

410

Phe

Ser

Trp

Val

Glu

490

Asn

Lys

Phe

Tyr

Lys

570

Met

Gln

Tyr

Arg

Tyr

650

Arg

Trp

Gln

Gln

Gly

315

Lys

Tyr

Glu

Leu

Val

395

Asp

Met

Arg

Thr

Gln

475

Thr

Leu

Ser

Thr

Lys

555

Asp

Arg

Ala

Met

Val

635

Ser

Leu

Phe

Glu

Ile

300

Gly

Ala

Asp

Ser

Val

380

Met

Leu

Glu

Asp

Ala

460

Ser

Asn

Asn

Met

Gly

540

Ile

Gly

Tyr

Ile

Gln

620

Met

Val

Lys

Ser

Val

285

Tyr

Leu

Leu

Asn

Ser

365

Gly

Ala

Glu

Asn

Asn

445

Gln

Ser

Gln

Lys

Glu

525

Ile

Arg

Tyr

Val

Ile

605

Gln

Ser

Ala

Glu

Trp
685

Met

Gln

Lys

Phe

Ser

350

Pro

Lys

Glu

Gly

Ser

430

Asp

Asp

Asn

Ala

Leu

510

Leu

Thr

Met

Trp

Trp

590

Arg

Met

Arg

Val

Thr

670

Phe

Phe

Ala

Ile

Gly

335

Thr

Leu

Ile

Val

Met

415

Gln

His

Ile

Gly

Ile

495

Glu

Leu

Pro

Asp

Asp

575

Gly

Val

Pro

Ser

Ile

655

Met

Ile

Leu

Val

Lys

320

Gly

Thr

Ser

Leu

Asn

400

Trp

Glu

Phe

Val

Ser

480

Arg

Pro

Asp

Gly

Ile

560

Pro

Gly

Leu

Tyr

Met

640

Ile

Arg

Ser
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-continued

Ser Leu Ile Pro Leu Leu Val Ser Ala Gly Leu Leu Val Val Ile Leu
690 695 700

Lys Leu Gly Asn Leu Leu Pro Tyr Ser Asp Pro Ser Val Val Phe Val
705 710 715 720

Phe Leu Ser Val Phe Ala Val Val Thr Ile Leu Gln Cys Phe Leu Ile
725 730 735

Ser Thr Leu Phe Ser Arg Ala Asn Leu Ala Ala Ala Cys Gly Gly Ile
740 745 750

Ile Tyr Phe Thr Leu Tyr Leu Pro Tyr Val Leu Cys Val Ala Trp Gln
755 760 765

Asp Tyr Val Gly Phe Thr Leu Lys Ile Phe Ala Ser Leu Leu Ser Pro
770 775 780

Val Ala Phe Gly Phe Gly Cys Glu Tyr Phe Ala Leu Phe Glu Glu Gln
785 790 795 800

Gly Ile Gly Val Gln Trp Asp Asn Leu Phe Glu Ser Pro Val Glu Glu
805 810 815

Asp Gly Phe Asn Leu Thr Thr Ser Val Ser Met Met Leu Phe Asp Thr
820 825 830

Phe Leu Tyr Gly Val Met Thr Trp Tyr Ile Glu Ala Val Phe Pro Gly
835 840 845

Gln Tyr Gly Ile Pro Arg Pro Trp Tyr Phe Pro Cys Thr Lys Ser Tyr
850 855 860

Trp Phe Gly Glu Glu Ser Asp Glu Lys Ser His Pro Gly Ser Asn Gln
865 870 875 880

Lys Arg Ile Ser Glu Ile Cys Met Glu Glu Glu Pro Thr His Leu Lys
885 890 895

Leu Gly Val Ser Ile Gln Asn Leu Val Lys Val Tyr Arg Asp Gly Met
900 905 910

Lys Val Ala Val Asp Gly Leu Ala Leu Asn Phe Tyr Glu Gly Gln Ile
915 920 925

Thr Ser Phe Leu Gly His Asn Gly Ala Gly Lys Thr Thr Thr Met Ser
930 935 940

Ile Leu Thr Gly Leu Phe Pro Pro Thr Ser Gly Thr Ala Tyr Ile Leu
945 950 955 960

Gly Lys Asp Ile Arg Ser Glu Met Ser Thr Ile Arg Gln Asn Leu Gly
965 970 975

Val Cys Pro Gln His Asn Val Leu Phe Asp Met Leu Thr Val Glu Glu
980 985 990

His Ile Trp Phe Tyr Ala Arg Leu Lys Gly Leu Ser Glu Lys His Val
995 1000 1005

Lys Ala Glu Met Glu Gln Met Ala Leu Asp Val Gly Leu Pro Ser
1010 1015 1020

Ser Lys Leu Lys Ser Lys Thr Ser Gln Leu Ser Gly Gly Met Gln
1025 1030 1035

Arg Lys Leu Ser Val Ala Leu Ala Phe Val Gly Gly Ser Lys Val
1040 1045 1050

Val Ile Leu Asp Glu Pro Thr Ala Gly Val Asp Pro Tyr Ser Arg
1055 1060 1065

Arg Gly Ile Trp Glu Leu Leu Leu Lys Tyr Arg Gln Gly Arg Thr
1070 1075 1080

Ile Ile Leu Ser Thr His His Met Asp Glu Ala Asp Val Leu Gly
1085 1090 1095
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20

Asp

Ser

Thr

Asn

Ser

Asp

Lys

Leu

Ile

Leu

Gly

Gln

Asn

Ser

Leu

Ile

Pro

Pro

Tyr

Thr

Phe

Cys

Thr

Pro

Leu

Arg
1100

Ser
1115

Leu
1130

Ser
1145

Gln
1160

Thr
1175
His
1190

Thr
1205

Glu
1220

Ser
1235

Lys
1250

Thr
1265

Ser
1280

Asp
1295

Gly
1310

Thr
1325

Ala
1340

Ala
1355

Pro
1370

Asn
1385

Gly
1400

Gly
1415

Gln
1430

Ile
1445

Ser
1460

Pro
1475

Ile

Leu

Val

Ser

Ser

Leu

Val

Tyr

Leu

Ser

Val

Leu

Cys

Ser

Met

Gln

Arg

Val

Phe

Glu

Thr

Thr

Ala

Met

Pro

Val

Ala

Phe

Lys

Ser

Ser

Thr

Ser

Val

Phe

Tyr

Ala

Pro

Leu

Asp

Asp

Gln

Arg

Phe

Gly

Gln

Leu

Arg

Gly

Asp

Ala

Cys

Ile

Leu

Lys

Thr

Ser

Ile

Glu

Leu

His

Gly

Glu

Ala

Arg

Ile

Gly

Gln

Ser

Val

Lys

Tyr

Glu

Cys

Glu

Leu

Cys

Pro

Ile

Lys

Asp

Val

Asp

Asp

Ala

Pro

Glu

Ile

Glu

Arg

Pro

Asp

Lys

Phe

Arg

Cys

Tyr

Thr

Leu

Met

Glu

Phe

Gln

Pro

Ser
1105

Asn
1120

Val
1135

Ser
1150

Ala
1165

Val
1180

Arg
1195

Tyr
1210

Ile
1225

Ser
1240

Ser
1255

Arg
1270

Phe
1285

Pro
1300

Gly
1315

Val
1330

Lys
1345

Ile
1360

Pro
1375

Phe
1390

Leu
1405

Glu
1420

Glu
1435

Gln
1450

Cys
1465

Gly
1480

Gln

Glu

Tyr

Gly

Ser

Leu

Glu

Asp

Glu

Gly

Asn

Thr

Glu

Ser

Ala

Gly

Ala

Ser

Val

Asn

Gly

Trp

Asn

Ser

Ala

Gly

Leu

Ser

Leu

Leu

Ala

Val

Ala

Asp

Thr

Val

Arg

Glu

Ser

Tyr

Leu

Phe

Leu

Leu

Ser

Ala

Asn

Thr

Gly

Ser

Gly

Lys

Gly

Ser

Lys

Gly

Ile

Glu

Ala

Arg

Thr

Asp

Arg

Asp

Arg

Gln

Leu

Phe

Val

Glu

Asn

Leu

Pro

Thr

Asn

Asp

Gly

Leu

Thr

Leu

Lys

Ser

Ser

Asp

Lys

Leu

Leu

Ala

Ala

Asp

Glu

Val

Trp

Ala

Phe

Leu

Asp

Thr

Ile

Ala

Trp

Lys

Leu

Cys
1110

Gly
1125

Ser
1140

Glu
1155

Asp
1170

Asn
1185

Ile
1200

Glu
1215

Ser
1230

Glu
1245

Glu
1260

Phe
1275

Ala
1290

Thr
1305

Lys
1320

Lys
1335

Gln
1350

Ser
1365

Gln
1380

Ala
1395

Lys
1410

Pro
1425

Pro
1440

Thr
1455

Ile
1470

Pro
1485

Cys Val Gly

Tyr

Ser

Asp

His

Leu

Gly

Gly

Asp

Glu

Thr

Gly

Ala

Asp

Gly

Arg

Ile

Leu

Pro

Pro

Asp

Asp

Val

Met

Lys

Pro

Tyr

Cys

Ser

Glu

Ile

His

Ala

Leu

Ile

Ser

Asp

Asp

Leu

Trp

Leu

Val

Ile

Trp

Glu

Pro

Thr

Pro

Gln

Lys

Pro

Leu

Arg

Val

Ser

Arg

Glu

Phe

Gly

Phe

Asp

Lys

Pro

Leu

Lys

Leu

Leu

Val

Met

Asp

Gly

Pro

Gln

Asn

Met

Gln
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Arg

Asn

Lys

Gly

Gln

Leu

Arg

Phe

Ile

Pro

Thr

Asp

Pro

Ala

Trp

Ala

Tyr

Leu

Asn

Glu

Lys

Leu

Arg

Phe

Lys
1490

Ile
1505

Ser
1520

Phe
1535

Glu
1550

Ala
1565

Phe
1580

Asn
1595

Asn
1610

Ser
1625

Lys
1640

Val
1655

Ala
1670

Lys
1685

Leu
1700

Thr
1715

Val
1730

Tyr
1745

Phe
1760

Leu
1775

Leu
1790

Ser
1805

Ile
1820

Phe
1835

Gly
1850

Leu
1865

Gln

Ser

Leu

Ser

Val

Lys

Met

Asn

Gln

Leu

Ser

His

Ser

Leu

Ser

Gly

Lys

Phe

Phe

Val

Asp

Gly

Arg

Ile

Asn

Asp

Lys

Leu

Asn

Asp

Thr

Lys

Ala

Tyr

Gln

Val

Phe

Leu

Asn

Val

Ser

Trp

Ile

Ile

Thr

Phe

Met

Glu

Asn

Thr

Thr

Tyr

Asn

Gly

Asp

Ser

Gly

Gly

Ile

Gly

Leu

Ser

Val

Gln

Phe

Ile

Thr

Ser

Pro

Gly

Asp

Leu

Val

Asn

Leu

Val

Ala

Leu

Lys

Val

Ala

Ser

Leu

Trp

Leu

Ile

Ser

Ile

Val

Phe

Val

Ile

Asn

Ile

Ser

Ile

Asn

Ile

Lys

Arg

Phe

Leu

Asp
1495

Val
1510

Ile
1525

Ser
1540

Ile
1555

Ala
1570

Asp
1585
His
1600

Arg
1615

Thr
1630

Glu
1645

Cys
1660

Phe
1675

Ile
1690

Trp
1705

Ile
1720

Leu
1735

Thr
1750

Thr
1765

Asn
1780

Lys
1795

Phe
1810

Asn
1825

Phe
1840

Ala
1855

Ile
1870

Ile

Lys

Trp

Lys

Asp

Thr

Ala

Ala

Ala

Val

Val

Leu

Ser

Asp

Phe

Pro

Pro

Ala

Gly

Leu

Pro

Gln

Val

Met

Gln

Leu

Thr

Val

Thr

Gln

Arg

Lys

Ile

Asn

Phe

Ala

Ile

Ile

Gly

Met

Ile

Val

Leu

Tyr

Ser

Asn

His

Ala

Ser

Ala

Tyr

Gln

Tyr

Asn

Gln

Met

Phe

Asn

Ser

Leu

Asn

Leu

Phe

Gln

Val

Cys

Cys

Leu

Met

Val

Val

Asn

Phe

Met

Pro

Val

Arg

Asp

Val

Glu

Ala

Lys

Leu

Asn

Ser

Gln

His

Met

Ala

Glu

Lys

Asn

Phe

Ala

Tyr

Val

Ala

Ile

Cys

Ala

Leu

Glu

Phe

Leu
1500

Gln
1515

Phe
1530

Leu
1545

Lys
1560

Asn
1575

Val
1590

Phe
1605

Lys
1620

Pro
1635

Thr
1650

Met
1665

Arg
1680

Pro
1695

Tyr
1710

Gln
1725

Leu
1740

Pro
1755

Leu
1770

Thr
1785

Asn
1800

Leu
1815

Asp
1830

Ser
1845

Gly
1860

Phe
1875

Thr Gly Arg

Ile

Arg

Pro

His

Ser

Lys

Leu

Gly

Leu

Thr

Ser

Val

Val

Val

Gln

Leu

Ala

Thr

Phe

Asp

Gly

Ala

Trp

Val

Ile

Ile

Tyr

Pro

Leu

Leu

Val

Asn

Glu

Asn

Ser

Phe

Ser

Ile

Val

Lys

Leu

Ser

Ser

Val

Ile

Arg

Leu

Asp

Val

Arg

Ala

Gly

Ser

Lys

Gly

Trp

Val

Asn

Leu

Val

Val

Lys

Tyr

Pro

Ser

Leu

Phe

Val

Leu

Leu

Gly

Glu

Leu

Phe

Pro
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Arg

Asp

Asn

Lys

Gly

Ser

Asp

Glu

Arg

Ile

Asn

Leu

Gly

Ser

Met

Asn

Arg

Asn

Pro

Gln

Leu

Ser

Gln

Gln

Glu

Pro
1880

Val
1895

Asp
1910

Arg
1925

Glu
1940

Thr
1955

Ala
1970
His
1985

Leu
2000

Gly
2015

Arg
2030

Tyr
2045

Ile
2060

Met
2075

Val
2090

Glu
2105

Gly
2120

Phe
2135

Pro
2150

Gly
2165

Leu
2180

Ser
2195

Gln
2210

Ser
2225

Thr
2240

Lys
2255

Val

Arg

Ile

Lys

Cys

Phe

Phe

Gln

Leu

Val

Lys

Ser

Gly

Asp

Val

Glu

Arg

Gly

Asp

Ser

Pro

Gln

Thr

Asp

Val

Val

Asn

Arg

Leu

Pro

Phe

Lys

Leu

Asn

Thr

Pro

Leu

Gly

Gly

Pro

Lys

Cys

Phe

Asp

Leu

Val

Ser

Ser

Thr

Asp

Val

Lys

Ala

Glu

Glu

Ala

Gly

Met

Asn

Met

Gly

Glu

Gly

Gly

Pro

Lys

Glu

Glu

Arg

Gly

Lys

Leu

Ser

Lys

Leu

Asp

Asp

Glu

Lys

Arg

Ile

Val

Leu

Leu

Lys

Gly

Arg

Lys

Leu

Asn

Pro

Ala

Gly

Ala

Cys

Tyr

Pro

Lys

Leu

Lys

Asp

His

Val

Ser

Leu
1885

Gln
1900

Lys
1915

Asp
1930

Leu
1945

Thr
1960

Asn
1975

Tyr
1990

Glu
2005

Glu
2020

Val
2035

Lys
2050

Val
2065

Arg
2080

Arg
2095

Leu
2110

Leu
2125

Thr
2140

Val
2155

Glu
2170

Ser
2185

Arg
2200

Gln
2215

Leu
2230

Ala
2245

Tyr
2260

Ser

Arg

Glu

Arg

Gly

Gly

Ser

Cys

His

Val

Lys

Arg

Val

Arg

Ser

Cys

Gly

Ile

Gln

Lys

Ser

Leu

Val

Lys

Val

Val

Pro

Ile

Leu

Ile

Val

Asp

Ile

Pro

Val

Gly

Tyr

Lys

Phe

Phe

Val

Thr

Ser

Val

Asp

His

Leu

His

Phe

Asp

Leu

Leu

Leu

Thr

Cys

Asn

Thr

Leu

Gln

Glu

Lys

Gly

Leu

Leu

Leu

Val

Arg

Val

Val

Phe

Arg

Ala

Ile

Val

Leu

Thr

Asn

Asp

Lys

Val

Gly

Thr

Ser

Phe

Phe

Val

Glu

Ser

Asp

Trp

Leu

Met

Gln

Arg

Phe

Asn

Arg

Glu

Asn

Ser

Ser

Asp Glu Asp Glu

1890

Gly
1905

Ile
1920

Gly
1935

Ala
1950

Val
1965

Asn
1980

Asp
1995

Phe
2010

Gly
2025

Lys
2040

Thr
2055

Glu
2070

Asn
2085

Thr
2100

Ala
2115
His
2130

Ile
2145

Gly
2160

Met
2175

Ile
2190

Asp
2205

Phe
2220

Leu
2235

Phe
2250

Gly

Tyr

Ile

Gly

Thr

Ile

Ala

Ala

Glu

Tyr

Ala

Pro

Cys

Ser

Ile

Leu

Ala

Leu

Leu

Phe

Tyr

Ala

His

Leu

Gly

Arg

Pro

Lys

Arg

His

Ile

Leu

Trp

Ala

Met

Thr

Ala

His

Met

Lys

Gly

Ala

Gln

Ser

Ser

Lys

Lys

Gln

Gln

Arg

Pro

Ser

Gly

Glu

Thr

Leu

Ala

Gly

Ala

Thr

Leu

Ser

Val

Asn

Ser

Phe

Tyr

Ile

Val

Asn

Asp
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-continued
<210> SEQ ID NO 2
<211> LENGTH: 6783
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: ABCAl Open Reading Frame
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: ABCAl Open Reading Frame
<400> SEQUENCE: 2
atggettgtt ggcctcaget gaggttgetg ctgtggaaga acctcacttt cagaagaaga 60
caaacatgtc agctgetgcet ggaagtggece tggectctat ttatcttect gatcctgate 120
tctgttegge tgagctacce accctatgaa caacatgaat gcecattttec aaataaagcece 180
atgcectetyg caggaacact tccttgggtt caggggatta tcetgtaatge caacaaccce 240
tgtttecegtt acccgactcce tggggagget cecggagttyg ttggaaactt taacaaatce 300
attgtggcte gectgttete agatgctegg aggettettt tatacageca gaaagacacce 360
agcatgaagg acatgcgcaa agttctgaga acattacage agatcaagaa atccagctca 420
aacttgaagc ttcaagattt cctggtggac aatgaaacct tctcectgggtt cctgtatcac 480
aacctectete tcccaaagtce tactgtggac aagatgctga gggctgatgt cattctccac 540
aaggtatttt tgcaaggcta ccagttacat ttgacaagtce tgtgcaatgg atcaaaatca 600
gaagagatga ttcaacttgg tgaccaagaa gtttctgage tttgtggect accaagggag 660
aaactggctyg cagcagagcg agtacttegt tcecaacatgg acatcctgaa gccaatcctg 720
agaacactaa actctacatc tccctteceg agcaaggage tggctgaage cacaaaaaca 780
ttgctgcata gtcttgggac tctggeccag gagetgttea gcatgagaag ctggagtgac 840
atgcgacagg aggtgatgtt tctgaccaat gtgaacaget ccagctccte cacccaaatce 900
taccaggctg tgtctegtat tgtctgeggg catcccgagyg gagggggget gaagatcaag 960
tctectcaact ggtatgagga caacaactac aaagccctcet ttggaggcaa tggcactgag 1020
gaagatgctg aaaccttcta tgacaactct acaactcctt actgcaatga tttgatgaag 1080
aatttggagt ctagtcctcect ttecccgcatt atctggaaag ctctgaagcce getgctegtt 1140
gggaagatcc tgtatacacc tgacactcca gccacaaggc aggtcatggc tgaggtgaac 1200
aagaccttcce aggaactggce tgtgttccat gatctggaag gcatgtggga ggaactcagc 1260
cccaagatct ggaccttcat ggagaacagc caagaaatgg accttgtccg gatgetgttg 1320
gacagcaggg acaatgacca cttttgggaa cagcagttgg atggcttaga ttggacagcce 1380
caagacatcg tggcgttttt ggccaagcac ccagaggatg tccagtccag taatggttcet 1440
gtgtacacct ggagagaagc tttcaacgag actaaccagg caatccggac catatctcege 1500
ttcatggagt gtgtcaacct gaacaagcta gaacccatag caacagaagt ctggctcatc 1560
aacaagtcca tggagctgct ggatgagagg aagttctggg ctggtattgt gttcactgga 1620
attactccag gcagcattga gctgccccat catgtcaagt acaagatccg aatggacatt 1680
gacaatgtgg agaggacaaa taaaatcaag gatgggtact gggaccctgg tcctcecgaget 1740
gaccecctttyg aggacatgcg gtacgtetgg gggggctteg cctacttgca ggatgtggtyg 1800
gagcaggcaa tcatcagggt gctgacgggc accgagaaga aaactggtgt ctatatgcaa 1860
cagatgccct atccctgtta cgttgatgac atctttetge gggtgatgag ccggtcaatg 1920
ccectetteca tgacgctgge ctggatttac tcagtggetg tgatcatcaa gggcatcgtg 1980
tatgagaagg aggcacggct gaaagagacc atgcggatca tgggcctgga caacagcatce 2040
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-continued
ctctggttta gectggttcat tagtagectce attectette ttgtgagcge tggectgceta 2100
gtggtcatcc tgaagttagg aaacctgctg ccctacagtg atcccagegt ggtgtttgte 2160
ttectgteeg tgtttgctgt ggtgacaatce ctgcagtget tecctgattag cacactctte 2220
tccagageca acctggcage agcectgtggg ggcatcatcect acttcacget gtacctgecce 2280
tacgtcetgt gtgtggcatg gcaggactac gtgggcttca cactcaagat cttcecgctagce 2340
ctgctgtecte ctgtggcttt tgggtttgge tgtgagtact ttgccctttt tgaggagcag 2400
ggcattggag tgcagtggga caacctgttt gagagtcctg tggaggaaga tggcttcaat 2460
ctcaccactt cggtctccat gatgctgttt gacaccttecce tctatggggt gatgacctgg 2520
tacattgagg ctgtctttecc aggccagtac ggaattccca ggccctggta ttttecttge 2580
accaagtcct actggtttgg cgaggaaagt gatgagaaga gccaccctgg ttccaaccag 2640
aagagaatat cagaaatctg catggaggag gaacccaccc acttgaagct gggcgtgtcece 2700
attcagaacc tggtaaaagt ctaccgagat gggatgaagg tggctgtcga tggcctggca 2760
ctgaattttt atgagggcca gatcacctce ttecctgggcece acaatggagce ggggaagacyg 2820
accaccatgt caatcctgac cgggttgttc cccceccgacct cgggcaccgce ctacatcctg 2880
ggaaaagaca ttcgctctga gatgagcacc atccggcaga acctgggggt ctgtcccecag 2940
cataacgtgc tgtttgacat gctgactgtc gaagaacaca tctggttcta tgcccgettg 3000
aaagggctct ctgagaagca cgtgaaggcg gagatggagce agatggccct ggatgttggt 3060
ttgccatcaa gcaagctgaa aagcaaaaca agccagetgt caggtggaat gcagagaaag 3120
ctatctgtgg ccttggcectt tgtcggggga tctaaggttg tcattctgga tgaacccaca 3180
gctggtgtgg acccttacte ccgcagggga atatgggage tgctgctgaa ataccgacaa 3240
ggccgcacca ttattctcte tacacaccac atggatgaag cggacgtcct gggggacagg 3300
attgccatca tctcccatgg gaagctgtge tgtgtggget cctcectgtt tetgaagaac 3360
cagctgggaa caggctacta cctgaccttg gtcaagaaag atgtggaatc ctccctcagt 3420
tcetgcagaa acagtagtag cactgtgtca tacctgaaaa aggaggacag tgtttcectcag 3480
agcagttctg atgctggect gggcagcgac catgagagtg acacgctgac catcgatgtce 3540
tctgctatect ccaacctcat caggaagcat gtgtctgaag cccggctggt ggaagacata 3600
gggcatgagc tgacctatgt gctgccatat gaagctgcta aggagggagc ctttgtggaa 3660
ctctttecatg agattgatga ccggctctca gacctgggca tttctagtta tggcatctca 3720
gagacgaccce tggaagaaat attcctcaag gtggccgaag agagtggggt ggatgctgag 3780
acctcagatg gtaccttgcce agcaagacga aacaggcggyg ccttegggga caagcagagce 3840
tgtcttegee cgttcactga agatgatgct gctgatccaa atgattctga catagaccca 3900
gaatccagag agacagactt gctcagtggg atggatggca aagggtccta ccaggtgaaa 3960
ggctggaaac ttacacagca acagtttgtg gecccttttgt ggaagagact gctaattgece 4020
agacggagtc ggaaaggatt ttttgctcag attgtcttgce cagctgtgtt tgtctgcatt 4080
gccettgtgt tcagectgat cgtgccaccce tttggcaagt accccagect ggaacttceag 4140
ccetggatgt acaacgaaca gtacacattt gtcagcaatg atgctcecctga ggacacggga 4200
accctggaac tcttaaacgce cctcaccaaa gaccctggcet tecgggacceg ctgtatggaa 4260
ggaaacccaa tcccagacac gccctgecag gcaggggagg aagagtggac cactgcccca 4320
gttcecccaga ccatcatgga cctecttecag aatgggaact ggacaatgca gaacccttca 4380
cctgcatgece agtgtagcag cgacaaaatc aagaagatgce tgcctgtgtg teccccaggg 4440
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gcagggggyge tgcctectece acaaagaaaa caaaacactg cagatatcct tcaggacctg 4500
acaggaagaa acatttcgga ttatctggtg aagacgtatg tgcagatcat agccaaaagc 4560
ttaaagaaca agatctgggt gaatgagttt aggtatggcg gecttttccecet gggtgtcagt 4620
aatactcaag cacttcctcecc gagtcaagaa gttaatgatg ccatcaaaca aatgaagaaa 4680
cacctaaagc tggccaagga cagttctgca gatcgatttc tcaacagctt gggaagattt 4740
atgacaggac tggacaccaa aaataatgtc aaggtgtggt tcaataacaa gggctggcat 4800
gcaatcagct ctttcecctgaa tgtcatcaac aatgccattce tcecgggccaa cctgcaaaag 4860
ggagagaacc ctagccatta tggaattact gectttcaatc atcccctgaa tctcaccaag 4920
cagcagctct cagaggtggce tcectgatgacce acatcagtgg atgtccttgt gteccatctgt 4980
gtcatctttyg caatgtcctt cgtcccagece agetttgteg tattcectgat ccaggagegyg 5040
gtcagcaaag caaaacacct gcagttcatc agtggagtga agcctgtcat ctactggctce 5100
tctaattttg tctgggatat gtgcaattac gttgtccectg ccacactggt cattatcatce 5160
ttcatctget tccagcagaa gtcecctatgtg tcectceccacca atctgectgt getagccctt 5220
ctacttttgc tgtatgggtg gtcaatcaca cctcectcatgt acccagceccte ctttgtgtte 5280
aagatcccca gcacagccta tgtggtgcte accagcgtga acctcecttcat tggcattaat 5340
ggcagcgtgg ccacctttgt gctggagetg ttcaccgaca ataagctgaa taatatcaat 5400
gatatcctga agtccgtgtt cttgatctte ccacattttt gectgggacg agggctcatce 5460
gacatggtga aaaaccaggc aatggctgat gccctggaaa ggtttgggga gaatcgettt 5520
gtgtcaccat tatcttggga cttggtggga cgaaacctcect tegccatggce cgtggaaggyg 5580
gtggtgttect tecctcattac tgttctgatc cagtacagat tcecttcatcag gcccagacct 5640
gtaaatgcaa agctatctcce tctgaatgat gaagatgaag atgtgaggcg ggaaagacag 5700
agaattcttg atggtggagg ccagaatgac atcttagaaa tcaaggagtt gacgaagata 5760
tatagaagga agcggaagcc tgctgttgac aggatttgeg tgggcattcce tectggtgag 5820
tgctttggge tecctgggagt taatggggct ggaaaatcat caactttcaa gatgttaaca 5880
ggagatacca ctgttaccag aggagatgct ttccttaaca aaaatagtat cttatcaaac 5940
atccatgaag tacatcagaa catgggctac tgccctcagt ttgatgccat cacagagctg 6000
ttgactggga gagaacacgt ggagttcttt gcccttttga gaggagtcce agagaaagaa 6060
gttggcaagg ttggtgagtg ggcgattcgg aaactgggcec tcegtgaagta tggagaaaaa 6120
tatgctggta actatagtgg aggcaacaaa cgcaagctct ctacagccat ggctttgatce 6180
ggcgggcecte ctgtggtgtt tctggatgaa cccaccacag gcatggatcce caaagcccgg 6240
cggttettgt ggaattgtge cctaagtgtt gtcaaggagg ggagatcagt agtgcttaca 6300
tctcatagta tggaagaatg tgaagctctt tgcactagga tggcaatcat ggtcaatgga 6360
aggttcaggt gccttggcag tgtccagcat ctaaaaaata ggtttggaga tggttataca 6420
atagttgtac gaatagcagg gtccaacccg gacctgaagce ctgtccagga tttectttgga 6480
cttgcatttc ctggaagtgt tctaaaagag aaacaccgga acatgctaca ataccagcett 6540
ccatcttcat tatcttctet ggccaggata ttcagcatcce tcectceccagag caaaaagcga 6600
ctccacatag aagactactc tgtttctcag acaacacttg accaagtatt tgtgaacttt 6660
gccaaggacce aaagtgatga tgaccactta aaagacctct cattacacaa aaaccagaca 6720
gtagtggacg ttgcagttct cacatctttt ctacaggatg agaaagtgaa agaaagctat 6780
gta 6783
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32

<210> SEQ ID NO 3

<211> LENGTH: 11675

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ABCAl plasmid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: ABCAl plasmid

<400> SEQUENCE: 3

aacaaaatat taacgcttac aatttccatt cgecattcag getgegcaac tgttgggaag
ggcgatcggt gegggectet tegetattac gecagetgge gaaaggggga tgtgetgeaa
ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca
gtgccaagcet gatctataca ttgaatcaat attggcaatt agccatatta gtcattggtt
atatagcata aatcaatatt ggctattgge cattgcatac gttgtatcta tatcataata
tgtacattta tattggctca tgtccaatat gaccgccatg ttgacattga ttattgacta
gttattaata gtaatcaatt acggggtcat tagttcatag cccatatatg gagttcegeg
ttacataact tacggtaaat ggcccgectg getgacegece caacgaccce cgeccattga
cgtcaataat gacgtatgtt cccatagtaa cgecaatagg gactttccat tgacgtcaat
gggtggagta tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgecaa
gtcegeccee tattgacgte aatgacggta aatggcccge ctggcattat geccagtaca
tgaccttacg ggactttect acttggcagt acatctacgt attagtcate gctattacca
tggtgatgceg gttttggecag tacaccaatg ggegtggata geggtttgac tcacggggat
ttccaagtct ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg
actttccaaa atgtcgtaat aaccccgece cgttgacgea aatgggeggt aggegtgtac
ggtgggaggt ctatataagc agagctcgtt tagtgaaccg tcagaatttt gtaatacgac
tcactatagg gcggccggga attegtegac tggatceggt accgaggaga tcetgecgecg
cgatcgecat ggettgttgg cctcagetga ggttgetget gtggaagaac ctcactttcea
gaagaagaca aacatgtcag ctgctgctgg aagtggcectg gectctattt atettectga
tcctgatete tgtteggetg agectacccac cctatgaaca acatgaatge cattttccaa
ataaagccat geoctetgea ggaacactte cttgggttea ggggattate tgtaatgeca
acaacccctyg ttteegttac ccgactectyg gggaggetee cggagttgtt ggaaacttta
acaaatccat tgtggetege ctgttcetecag atgeteggag gettcetttta tacagcecaga
aagacaccag catgaaggac atgcgcaaag ttctgagaac attacagcag atcaagaaat
ccagctcaaa cttgaagett caagatttee tggtggacaa tgaaacctte tcetgggttece
tgtatcacaa cctctetete ccaaagteta ctgtggacaa gatgetgagg getgatgtca
ttctccacaa ggtatttttg caaggctace agttacattt gacaagtetg tgcaatggat
caaaatcaga agagatgatt caacttggtg accaagaagt ttctgagett tgtggectac
caagggagaa actggctgca gcagagegag tacttegtte caacatggac atcctgaage
caatcctgag aacactaaac tctacatcte cctteccgag caaggagetyg getgaageca
caaaaacatt gctgcatagt cttgggacte tggcccagga getgttcage atgagaagcet
ggagtgacat gcgacaggag gtgatgtttc tgaccaatgt gaacagctcce agetectcca

cccaaatcta ccaggetgtg tetegtattg tetgegggea tecegaggga ggggggetga

agatcaagtc tctcaactgg tatgaggaca acaactacaa agcectcttt ggaggcaatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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gcactgagga agatgctgaa accttctatg acaactctac aactccttac tgcaatgatt 2100
tgatgaagaa tttggagtct agtcctecttt ccecgcattat ctggaaagct ctgaagccgce 2160
tgctecgttgg gaagatcctyg tatacacctg acactccage cacaaggcag gtcatggetg 2220
aggtgaacaa gaccttccag gaactggctg tgttccatga tctggaaggce atgtgggagg 2280
aactcagccce caagatctgg accttcatgg agaacagcca agaaatggac cttgtccgga 2340
tgctgttgga cagcagggac aatgaccact tttgggaaca gcagttggat ggcttagatt 2400
ggacagccca agacatcgtg gcegtttttgg ccaagcacce agaggatgtc cagtccagta 2460
atggttcetgt gtacacctgg agagaagctt tcaacgagac taaccaggca atccggacca 2520
tatctcgett catggagtgt gtcaacctga acaagctaga acccatagca acagaagtct 2580
ggctcatcaa caagtccatg gagctgctgg atgagaggaa gttctggget ggtattgtgt 2640
tcactggaat tactccaggc agcattgagc tgccccatca tgtcaagtac aagatccgaa 2700
tggacattga caatgtggag aggacaaata aaatcaagga tgggtactgg gaccctggtce 2760
ctcgagcetga cccctttgag gacatgeggt acgtctgggg gggcttcecgece tacttgcagg 2820
atgtggtgga gcaggcaatc atcagggtgc tgacgggcac cgagaagaaa actggtgtct 2880
atatgcaaca gatgccctat ccctgttacg ttgatgacat ctttectgcgg gtgatgagcece 2940
ggtcaatgcc cctettcatg acgectggect ggatttacte agtggcetgtg atcatcaagg 3000
gcatcgtgta tgagaaggag gcacggctga aagagaccat gecggatcatg ggectggaca 3060
acagcatcct ctggtttage tggttcatta gtagcctcat tectecttcett gtgagegetg 3120
gcctgctagt ggtcatcctg aagttaggaa acctgcectgec ctacagtgat cccagcecgtgg 3180
tgtttgtectt cctgtcegtyg tttgctgtgg tgacaatcect gecagtgctte ctgattagcea 3240
cactcttete cagagccaac ctggcagcag cctgtggggg catcatctac ttcacgetgt 3300
acctgcecta cgtectgtgt gtggcatgge aggactacgt gggcttcaca ctcaagatct 3360
tcgctagect getgtcectect gtggettttg ggtttggetg tgagtacttt gecctttttg 3420
aggagcaggg cattggagtg cagtgggaca acctgtttga gagtcctgtg gaggaagatg 3480
gcttcaatet caccacttcg gtctceccatga tgctgtttga caccttectce tatggggtga 3540
tgacctggta cattgaggct gtcttteccag gccagtacgg aattcccagg ccctggtatt 3600
tteccttgecac caagtcctac tggtttggcg aggaaagtga tgagaagagce caccctggtt 3660
ccaaccagaa gagaatatca gaaatctgca tggaggagga acccacccac ttgaagetgg 3720
gcgtgtcecat tcagaacctg gtaaaagtct accgagatgg gatgaaggtg gctgtcgatg 3780
gcctggcact gaatttttat gagggccaga tcacctcectt cctgggccac aatggagegg 3840
ggaagacgac caccatgtca atcctgaccg ggttgttcec cccgacctcecg ggcaccgect 3900
acatcctggg aaaagacatt cgctctgaga tgagcaccat ccggcagaac ctgggggtct 3960
gtcceccageca taacgtgctg tttgacatge tgactgtcga agaacacatc tggttctatg 4020
ccegettgaa agggetcetcet gagaagcacg tgaaggcgga gatggagcag atggecctgg 4080
atgttggttt gccatcaagc aagctgaaaa gcaaaacaag ccagctgtca ggtggaatgce 4140
agagaaagct atctgtggcc ttggectttg tcgggggatce taaggttgtce attctggatg 4200
aacccacagce tggtgtggac ccttactcce gcaggggaat atgggagctg ctgctgaaat 4260
accgacaagg ccgcaccatt attctctcta cacaccacat ggatgaagcg gacgtcecctgg 4320
gggacaggat tgccatcatc tcccatggga agctgtgctg tgtgggctcece tcectgttte 4380
tgaagaacca gctgggaaca ggctactacc tgaccttggt caagaaagat gtggaatcct 4440
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ccetecagtte ctgcagaaac agtagtagca ctgtgtcata cctgaaaaag gaggacagtg 4500
tttctcagag cagttctgat getggectgg gcagcgacca tgagagtgac acgctgacca 4560
tcgatgtecte tgctatctec aacctcatca ggaagcatgt gtctgaagecce cggctggtgg 4620
aagacatagg gcatgagctg acctatgtgc tgccatatga agctgctaag gagggagcect 4680
ttgtggaact ctttcatgag attgatgacc ggctctcaga cctgggcatt tcectagttatg 4740
gcatctcaga gacgaccctg gaagaaatat tcctcaaggt ggccgaagag agtggggtgg 4800
atgctgagac ctcagatggt accttgecag caagacgaaa caggcgggece ttceggggaca 4860
agcagagctg tcttegceeceg ttcactgaag atgatgctge tgatccaaat gattctgaca 4920
tagacccaga atccagagag acagacttgc tcagtgggat ggatggcaaa gggtcctacc 4980
aggtgaaagg ctggaaactt acacagcaac agtttgtggc ccttttgtgg aagagactgc 5040
taattgccag acggagtcgg aaaggatttt ttgctcagat tgtcttgcca getgtgtttg 5100
tctgcattge cecttgtgtte agectgatcg tgccaccctt tggcaagtac cccagcectgg 5160
aacttcagcce ctggatgtac aacgaacagt acacatttgt cagcaatgat gctcctgagg 5220
acacgggaac cctggaactc ttaaacgccce tcaccaaaga ccctggette gggacccget 5280
gtatggaagyg aaacccaatc ccagacacgc cctgccagge aggggaggaa gagtggacca 5340
ctgccceccagt tccccagacce atcatggacce tcttceccagaa tgggaactgg acaatgcaga 5400
acccttcecace tgcatgccag tgtagcagcg acaaaatcaa gaagatgctg cctgtgtgte 5460
ccecagggge aggggggctg cctectecac aaagaaaaca aaacactgca gatatcctte 5520
aggacctgac aggaagaaac atttcggatt atctggtgaa gacgtatgtg cagatcatag 5580
ccaaaagctt aaagaacaag atctgggtga atgagtttag gtatggcggce ttttcectgg 5640
gtgtcagtaa tactcaagca cttcctecga gtcaagaagt taatgatgcc atcaaacaaa 5700
tgaagaaaca cctaaagctg gccaaggaca gttcectgcaga tcgatttcte aacagcettgg 5760
gaagatttat gacaggactg gacaccaaaa ataatgtcaa ggtgtggttc aataacaagg 5820
gctggcatge aatcagectct ttectgaatg tcatcaacaa tgccattctce cgggccaacce 5880
tgcaaaaggg agagaaccct agccattatg gaattactge tttcaatcat cccctgaatce 5940
tcaccaagca gcagctctca gaggtggcte tgatgaccac atcagtggat gtceccttgtgt 6000
ccatctgtgt catctttgca atgtccttceg tcccagecag ctttgtcegta ttectgatcee 6060
aggagcgggt cagcaaagca aaacacctgc agttcatcag tggagtgaag cctgtcatct 6120
actggctctce taattttgtc tgggatatgt gcaattacgt tgtccctgecc acactggtca 6180
ttatcatctt catctgcttc cagcagaagt cctatgtgtc ctccaccaat ctgecctgtgce 6240
tagceccttet acttttgetyg tatgggtggt caatcacacc tctcatgtac ccagectect 6300
ttgtgttcaa gatccccage acagcectatg tggtgctcac cagcgtgaac ctcttcattg 6360
gcattaatgg cagcgtggce acctttgtge tggagcectgtt caccgacaat aagctgaata 6420
atatcaatga tatcctgaag tccgtgttct tgatcttece acatttttge ctgggacgag 6480
ggctcatcga catggtgaaa aaccaggcaa tggctgatgce cctggaaagg tttggggaga 6540
atcgetttgt gtcaccatta tecttgggact tggtgggacg aaacctctte gecatggecg 6600
tggaaggggt ggtgttcttc ctcattactg ttctgatcca gtacagattce ttcatcaggce 6660
ccagacctgt aaatgcaaag ctatctecctce tgaatgatga agatgaagat gtgaggcggg 6720
aaagacagag aattcttgat ggtggaggcc agaatgacat cttagaaatc aaggagttga 6780
cgaagatata tagaaggaag cggaagcctg ctgttgacag gatttgcgtg ggcattcecte 6840
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ctggtgagtg ctttgggctce ctgggagtta atggggctgg aaaatcatca actttcaaga 6900
tgttaacagg agataccact gttaccagag gagatgcttt ccttaacaaa aatagtatct 6960
tatcaaacat ccatgaagta catcagaaca tgggctactg ccctcagttt gatgccatca 7020
cagagctgtt gactgggaga gaacacgtgg agttctttge ccttttgaga ggagtcccag 7080
agaaagaagt tggcaaggtt ggtgagtggg cgattcggaa actgggcctce gtgaagtatg 7140
gagaaaaata tgctggtaac tatagtggag gcaacaaacg caagctctct acagccatgg 7200
ctttgatcgg cgggcctect gtggtgttte tggatgaacc caccacaggc atggatccca 7260
aagccceggeg gttettgtgg aattgtgcecce taagtgttgt caaggagggg agatcagtag 7320
tgcttacatc tcatagtatg gaagaatgtg aagctctttg cactaggatg gcaatcatgg 7380
tcaatggaag gttcaggtgc cttggcagtg tccagcatct aaaaaatagg tttggagatg 7440
gttatacaat agttgtacga atagcagggt ccaacccgga cctgaagcecct gtccaggatt 7500
tctttggact tgcatttect ggaagtgttc taaaagagaa acaccggaac atgctacaat 7560
accagcttce atcttcatta tettctetgg ccaggatatt cagcatccte teccagagca 7620
aaaagcgact ccacatagaa gactactctg tttctcagac aacacttgac caagtatttg 7680
tgaactttgc caaggaccaa agtgatgatg accacttaaa agacctctca ttacacaaaa 7740
accagacagt agtggacgtt gcagttctca catcttttet acaggatgag aaagtgaaag 7800
aaagctatgt aacgcgtacg cggccgctceg agcagaaact catctcagaa gaggatctgg 7860
cagcaaatga tatcctggat tacaaggatg acgacgataa ggtttaaacg gccggccgcg 7920
gtcatagctg tttecctgaac agatcceggg tggcatcceet gtgaccecctce cccagtgect 7980
ctecctggece tggaagttge cactccagtg cccaccagcec ttgtcctaat aaaattaagt 8040
tgcatcattt tgtctgacta ggtgtccttce tataatatta tggggtggag gggggtggta 8100
tggagcaagg ggcaagttgg gaagacaacc tgtagggcct gecggggtcta ttgggaacca 8160
agctggagtg cagtggcaca atcttggctce actgcaatct cecgcectcecctg ggttcaageg 8220
attctectge ctcagectece cgagttgttg ggattccagg catgcatgac caggctcagce 8280
taatttttgt ttttttggta gagacggggt ttcaccatat tggccaggct ggtctccaac 8340
tcctaatcte aggtgatcta cccaccttgg ccteccaaat tgctgggatt acaggcgtga 8400
accactgctce cctteccctgt ccecttetgatt ttaaaataac tataccagca ggaggacgtce 8460
cagacacagc ataggctacc tggccatgcce caaccggtgg gacatttgag ttgcttgett 8520
ggcactgtecce tcectcatgegt tgggtccact cagtagatge ctgttgaatt gggtacgegg 8580
ccagcggcga gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg 8640
ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa 8700
ggcegegttyg ctggegtttt tcecataggcet ccgcceccceet gacgagcatc acaaaaatcyg 8760
acgctcaagt cagaggtggc gaaacccgac aggactataa agataccagyg cgtttcccce 8820
tggaagctcce ctcecgtgcget ctectgttcee gaccctgecg cttaccggat acctgtecege 8880
ctttctecct tecgggaageg tggcgcttte tcatagetca cgctgtaggt atctcagttce 8940
ggtgtaggtc gttecgctcca agetgggetg tgtgcacgaa ccccccegttce agcccgaccy 9000
ctgcgectta tccggtaact atcgtcecttga gteccaacccg gtaagacacg acttatcgece 9060
actggcagca gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga 9120
gttcttgaag tggtggccta actacggcta cactagaaga acagtatttg gtatctgcege 9180
tctgctgaag ccagttacct tcggaaaaag agttggtage tcecttgatccg gcaaacaaac 9240
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caccgcetggt agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg 9300
atctcaagaa gatcctttga tettttectac ggggtctgac gctcagtgga acgaaaactce 9360
acgttaaggg attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa 9420
ttaaaaatga agttttaaat caatctaaag tatatatgag taacctgagg ctatggcagg 9480
gcctgecgee ccgacgttgg ctgcgagecce tgggccttceca cecgaacttg gggggtgggy 9540
tggggaaaag gaagaaacgc gggcgtattg gccccaatgg ggtcteggtg gggtatcgac 9600
agagtgccag ccctgggacce gaacccecgeg tttatgaaca aacgacccaa caccgtgegt 9660
tttattetgt ctttttattg ccgtcatage gcgggttect teccggtattg tetecttecg 9720
tgtttcagtt agcctccecece tagggtggge gaagaactcce agcatgagat ccccgegetg 9780
gaggatcatc cagccggcegt cccggaaaac gattccgaag cccaaccttt catagaaggce 9840
ggcggtggaa tcgaaatctce gtgatggcag gttgggcgte gettggtegg tcatttcecgaa 9900
cceccagagte ccgctcagaa gaactcegtca agaaggcgat agaaggcgat gcegctgcgaa 9960
tcgggagegg cgataccgta aagcacgagg aagcggtcag cccattcgec geccaagcectcet 10020
tcagcaatat cacgggtagc caacgctatg tcctgatage gatccgccac acccageccgg 10080
ccacagtcga tgaatccaga aaagcggcca ttttccacca tgatattcgg caagcaggca 10140
tcgccatggg tcacgacgag atcctegecg tcecgggcatge tcecgecttgag cctggegaac 10200
agttcggctg gecgcgagecce ctgatgetcet tcegtccagat catcctgatce gacaagaccg 10260
gcttecatee gagtacgtge tcgcectcgatg cgatgttteg cttggtggtce gaatgggcag 10320
gtagccggat caagcgtatg cagccgecgce attgcatcag ccatgatgga tactttcteg 10380
gcaggagcaa ggtgagatga caggagatcc tgccccggca cttecgcccaa tagcagccag 10440
tcectteceg cttcagtgac aacgtcgage acagctgcge aaggaacgcce cgtcgtggee 10500
agccacgata gccgecgctge ctegtettge agttcattca gggcaccgga caggteggte 10560
ttgacaaaaa gaaccgggcg cccctgegcet gacagccgga acacggcggce atcagagcag 10620
ccgattgtet gttgtgccca gtcatagceccg aatagcctcet ccacccaage ggccggagaa 10680
cctgegtgca atccatcttg ttcaatcatg cgaaacgatce ctcatcctgt ctcttgateg 10740
atctttgcaa aagcctaggc ctccaaaaaa gcctcectcac tacttctgga atagctcaga 10800
ggccgaggeg gcecteggect ctgcataaat aaaaaaaatt agtcagccat ggggcggaga 10860
atgggcggaa ctgggeggag ttaggggegg gatgggegga gttaggggeg ggactatggt 10920
tgctgactaa ttgagatgca tgctttgcat acttctgect gectggggage ctggggactt 10980
tccacacctg gttgctgact aattgagatg catgctttge atacttctge ctgctgggga 11040
gcctggggac tttcecacacce ctaactgaca cacattccac agectggttcet ttecgectca 11100
ggactcttee tttttcaata ttattgaagc atttatcagg gttattgtct catgagcgga 11160
tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac atttccccga 11220
aaagtgccac ctgacgcgcec ctgtageggce gcattaageg cggcegggtgt ggtggttacg 11280
cgcagcegtga ccgctacact tgccagecgcece ctagcgecccg ctectttege tttettecet 11340
tcettteteg ccacgttege cggctttecee cgtcaagete taaatcgggg gectcecttta 11400
gggttccgat ttagtgcttt acggcacctc gaccccaaaa aacttgatta gggtgatggt 11460
tcacgtagtg ggccatcgec ctgatagacg gtttttegee ctttgacgtt ggagtceccacg 11520
ttctttaata gtggactctt gttccaaact ggaacaacac tcaaccctat ctcggtctat 11580
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tcttttgatt tataagggat tttgeccgatt teggectatt ggttaaaaaa

taacaaaaat ttaacgcgaa ttttaacaaa atatt

tgagctgatt 11640

11675

We claim:

1. A pharmaceutical composition for increasing HDL-cho-
lesterol levels in the blood of a patient, the composition com-
prising a mixture of a nucleic acid encoding an expressible
open reading frame and sonochemically-active microspheres
in a pharmaceutically acceptable aqueous carrier; wherein the
nucleic acid of the mixture consists of a plasmid vector, the
expressible open reading frame consists of an expressible
open reading frame encoding the active form of ATP-binding
cassette transporter Al (ABCA1), and the plasmid vector also
includes at least one sequence adapted to promote expression
of the open reading frame in a mammalian cell; and wherein
the sonochemically-active microspheres comprise gas
bubbles encapsulated within shells comprising a protein, a
lipid, or a combination thereof, the microspheres being dis-
ruptable upon exposure to ultrasonic acoustic energy to
release the encapsulated gas bubbles; and wherein the com-
position transfects liver cells when intravenously adminis-
tered to the patient while ultrasonically imaging the liver, to
elicit production of an increased level of HDL.-cholesterol in
the blood of the patient compared to the HDL-cholesterol
level in the blood of the patient prior to administering the
composition.

2. The composition of claim 1 wherein the microspheres
have an average particle size in the range of about 0.5 to about
20 micrometers.

3. The composition of claim 1 wherein the gas bubbles
comprise a fluorocarbon gas.

4. The composition of claim 1 wherein the shells comprise
human serum albumin.

5. The composition of claim 1 wherein the active form of
ABCAL has the amino acid sequence of SEQ ID NO: 2.

6. The composition of claim 1 wherein the open reading
frame has the nucleotide sequence of SEQ ID NO: 1.

7. The composition of claim 1 wherein the at least one
sequence adapted to promote expression of the open reading
frame comprises a cytomegalovirus promoter.

8. The composition of claim 1 wherein the plasmid is
present in the composition at a concentration in the range of
about 0.5 to about 50 milligrams per milliliter.
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9. The composition of claim 1 wherein the microspheres
are present in the composition at a concentration in the range
of about 10® to about 10° microspheres per milliliter.

10. The composition of claim 1 wherein the aqueous carrier
comprises physiological saline, optionally buffered at physi-
ological pH.

11. The composition of claim 1 further comprising a drug
for treating a condition relating to lipid metabolism or trans-
port.

12. A pharmaceutical composition for increasing HDL.-
cholesterol levels in the blood of a patient, the composition
comprising a mixture of about 0.5 to about 50 milligrams per
milliliter of a nucleic acid encoding an expressible open read-
ing frame and about 108 to about 109 microspheres per mil-
liliter of sonochemically-active microspheres in a pharma-
ceutically acceptable aqueous carrier; wherein the nucleic
acid of the mixture consists of a plasmid vector, the express-
ible open reading frame consists of an expressible open read-
ing frame encoding the active form of ATP-binding cassette
transporter Al (ABCALl), and the plasmid vector also
includes at least one sequence adapted to promote expression
of'the open reading frame in a mammalian cell; and wherein
the sonochemically-active microspheres comprise fluorocar-
bon gas bubbles encapsulated within shells comprising
human serum albumin, the microspheres being disruptable
upon exposure to ultrasonic acoustic energy to release the
encapsulated gas bubbles; and wherein the composition
transfects liver cells when intravenously administered to the
patient while ultrasonically imaging the liver, to elicit pro-
duction of an increased level of HDL-cholesterol in the blood
of the patient compared to the HDL-cholesterol level in the
blood of the patient prior to administering the composition.

13. The composition of claim 12 wherein the active form of
ABCAL has the amino acid sequence of SEQ ID NO: 2.

14. The composition of claim 12 wherein the open reading
frame has the nucleotide sequence of SEQ ID NO: 1.
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